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116.  Abstract 

There  were  two  main  objectives  which  were: 

Establishing  a threshold  of  acceptability  for  commercial  aircraft  sonic  booms, 

atjd  investigating  and  developing  the  technology  to  provide  a totally  realistic 
TTmulation  approach  that  can  be  applied  to  any  community  noise  problem. 

To  meet  these  object ivesi  seven  Community  Noise  Simulation  Systems  were  designed  and 
fabricated,  and  simulated  sonic  booms  were  introduced,  via  these  systems,  into  the 
homes  of  twelve  subject  families.  Acceptance,  interference,  anl  annoyance  response 
data  were  obtainedrfrom  the  twelve  families.  Three  boom  levels  and  two  frequency 
schedules  {average  of  two  or  one  per  hour  from  0700  to  2200  hours)  were  studied. 

It  was  concluded  that  for  establishing  a design/certification  sonic  boom 
threshold  of  acceptability  for  advanced  supersonic  transports,  a level  of  87  dB  (usiiw 
S.S.  Stevens'  Mark  VI)  should  be  considered  for  indoor  living  with  not  more  than  fif- 
teen daily  boom  exposures  (no  nighttime  booms).  It.  was  also  concluded  that  the 
realistic  simulation  approach' developed  util i zing  Conuiunity  Noise  Simulation  Systems 
is  technically  feasible  and  has  high  utility.  It  can  be  c^ed  to  establish  standards 
involving  traffic  noise,  noise  from  airports,  construction  noise,  and  effects  of 
Industrial  noise  on  surrounding  communities.  , 
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PREFACE 


• MAN -Acoustic a and  Noise,  Inc.  is,  by  any  definition,  a small 
company.  Thualy,  the  development  of  Community  Noise  Simulation 
Systems  and  the  associated  technology  for  investigating  response  to 

* sonic  booms  from  persons  in  their  homes,  required  that  various 
numbers  of  our  staff  function  in  many  capacities.  Our  first  thought 
was  to  give  the  main  areas  of  work  and  to  then  list  each  person  who 
contributed  to  that  main  area.  This  approach  would  have  resulted 
in  several  persons  being  listed  a number  of  times.  Consequently, 
the  contributor  ) are  listed  aLphabetic&lly.  We  want  to  generously 
thank  all  of  them.  Those  who  contributed  significantly  to  this  pro- 
gram are: 


J.  M.  Bocek 
T.  G.  Dorrance 
T.  L.  Hughes 
D.  B,  Shields 
R.  A.  Shields 
B.  M.  Sullivan 


Sections  3.  and  4.  dealing  with  equipment  and  physical  acous- 
tics considerations  were  written  by  Dr.  P.  B.  Oncley,  Senior 
Research  Scientist,  while  the  remainder  of  the  report  was  completed 
by  Dr.  J.  E.  Mabry.  We  also  want  to  thank  Thomas  Higgins  of  FAA 
Systems  Research  and  Development  Service  for  his  technical  guidance 
and  particularly  for  his  interest  in  testing  the  Community  Noise 
Simulation  Systems  approach  as  a methodology  for  obtaining  noise 
criteria  data.  All  work  in  compiling  this  report  was  completed  by 
R.  A.  Shields  whom  we  thank  for  an  outstanding  effort. 
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1.  INTRODUCTION 


A major  deterrent  to  the  implementation  of  commercial  super- 
sonic flight  is  that  aircraft  operating  at  speeds  above  threshold  mach 
number  create  sonic  booms  heard  on  the  ground.  The  loudness  of 
these  sonic  booms  is  a function  of  the  wave  form  of  the  boom  {partic- 
ularly the  rise  time  and  overpressure)  but  the  wave  form  of  the  boom 
is  very  much  a function  of  aircraft  design.  Thusly,  as  a means  of 
establishing  design  criteria  for  commercial  supersonic  aircraft,  in- 
formation is  required  relative  to  sonic  boom  levels  that  would  be 
acceptable  by  the  public.  Since  existing  supersonic  aircraft,  both 
military  and  commercial,  were  not  designed  to  minimize  boom 
effects,  what  is  required  is  a totally  realistic  simulation  approach 
which  provides  a range  of  boom  levels  that  communities  could  find 
acceptable.  The  basic  aim  of  the  experimental  program  is  to  pro- 
vide the  required  totally  realistic  simulation  approach.  Two 
specific  objectives  are  to  be  achieved.  They  are: 


1.  1.  Establishing  a threshold  of  acceptability  for 
commercial  aircraft  sonic  booms. 

Providing  data  relative  to  this  threshold,  in  respect 
to  both  level  and  number  of  booms,  will  not  only  provide 
design  criteria  but  will  also  lead  to  certification  standards 
that  can  be  applied  to  commercial  supersonic  aircraft. 


1.  L.  Investigating  and  developing  the  technology  to  pro- 
vide  a totally  realistic  simulation  approach  that  can 
be  applied  to  any  community  noise  problem. 

To  achieve  this  second  objective,  an  innovative  approach 
was  conceived.  This  approach  is  based  on  the  premise  that 
valid  threshold  results  are  obtained  by  introducing  measured 
sounds  into  real-life  situations  and  obtaining  persons'  response 
to  these  sounds  as  they  are  carrying  out  their  daily  living 
activities. 
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2.  EXPERIMENT  DESCRIPTION 


2.  1 General  Consideration  a 

Establishing  a threshold  of  acceptability  for  commercial  air- 
craft sonic  boc  m noise  which  has  high  validity  requires  exposing 
persons  to  boom  noises  during  their  usual  or  daily  modes  of  living. 
One  of  the  most  pervasive  daily  activities  for  most  persons  in- 
cludes residential  living  or  being  at  home.  Consequently,  the 
general  plan  involved  exposing  families  to  simulated  sonic  booms 
in  their  homes.  Completing  an  experiment  based  on  such  a plan 
requires  choices  relative  to  independent  measures  such  as  numbers, 
levels,  and  orders  for  presenting  the  various  soni'  boom  conditions; 
the  dependent  measures  for  estimating  a threshold  of  acceptability; 
and  the  selection  and  characteristics  of  the  subjects  who  will  be 
completing  the  experiment.  In  addition,  there  is  a requirement  to 
develop  the  signal  presentation  equipments  which  permits  realistic 
simulations  of  the  boom  signals.  A description  of  the  independent 
measures,  and  of  the  subjects  is  given  in  this  section  while  acous- 
tical and  equipment  considerations  are  provided  in  the  following 
section. 

2.  2 Independent  Measures 


The  major  concerns  in  this  area  are  the  perceived  leveL  or 
loudness  at  which  to  present  the  boom  signals,  the  number  of  sig- 
nals to  present,  time  of  presentation,  number  of  hours  per  day  to 
which  families  are  exposed  to  the  signals,  order  of  presentation 
for  the  various  experimental  conditions,  and  duration  of  a partic- 
ular experimental  condition. 

2.2.1.  Boom  Levels  It  is  clear  from  previous  work, 
both  from  a theoretical  and  experimental  point  of  view,  that  per- 
ceived level  or  loudness  is  very  much  a function  of  both  rise  time 
and  overpressure.  On  the  basis  of  this  previous  work  performed 
in  laboratory  settings  (Ref.  2-1,  2-2)  and  in  conjunction  with  a pilot 
study  listening  experience  based  on  the  part  of  six  workers  who  were 
working  on  this  study,  three  levels  were  chosen  with  the  expectation 
that  they  would  elicit  clearly,  possibly,  and  not  acceptable  responses 
from  the  subject  families.  The  three  levels  sought  were: 

• Not  Acceptable  81,0  dBA  *92.  0 dB  (PLH) 

•Possibly  Acceptable  76.  5 dBA  *87.  5 dB  (PLH) 

•Clearly  Acceptable  72.  0 dBA  *83.  0 dB  (PLH) 

*See  Ref.  2-1  2-2 
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Our  aim  was  to  introduce  signals  at  these  approximate  levels  and 
obtain  estimates  of  overpressures  and  rise  times,  plus  other  mea- 
sures of  human  response  to  noise  on  the  basis  of  calibrated  recordings 
in  the  subjects'  homes.  The  levels  were  established  on  the  basis  of 
dBA  so  they  could  be  checked  via  an  impact  sound  level  meter  weight- 
ing network.  The  values  in  the  last  column  for  the  three  boom  condi- 
tions are  based  on  the  mean  incremental  difference  between  dBA  and 
estimates  for  Stevens'  Mark  VI  and  PNdB  using  an  equation  from  Ref. 
2-1  and  2-2.  The  mean  difference  is  approximately  11  dB  and  is  based 
on  the  measured  data  of  Table  6-2  of  this  report.  Details  for  the  mea- 
surement program  are  provided  in.  Section  4.  "MEASUREMENT  OF 
SIMULATED  SONIC  BOOMS". 

2.2.2.  Number  of  Signals  to  Present  The  selection  of  number  of 
signals  to  present  was  arbitrary  but  we  did  want  to  make  certain 
that  we  had  exposed  the  families  to  the  maximum  number  of  booms 
that  they  could  experience  from  commercial  supersonic  aircraft 
through  the  year  2000.  Consequently,  it  was  decided  that  each  of 
three  main  conditions  would  include  thirty  (30)  booms  presented 
during  the  waking  hours  of  7:00  AM  to  10:00  PM  for  a total  of  fifteen 
hours  and  with  an  average  rate  of  two  booms  per  hour. 

2.2.3.  Presentation  of  Experiment  Conditions  An  approach  has 
been  established  for  estimating  three  levels  at  which  the  indoor  type 
boom  will  be  presented  as  has  the  number  of  sonic  booms  that  are 
to  be  presented  for  three  main  conditions.  The  next  step  is  to 
summarize  the  total  experimental  situation.  For  this  first  study, 
each  family  was  to  take  part  in  the  experiment  over  a six-weeks 
period  involving  six  conditions,  each  condition  lasting  for  one  week. 
The  six  conditions  are: 

K A control  condition  which  involved  installation  of  the 
equipment  and  keeping  in  touch  w:th  the  participants  so  that 
they  would  be  used  to  the  data  collection  procedures. 

A The  high  level  boom  condition  (dBA  is  81.  0)  with  30 
booms  presented  over  a 15-hour  period  (7:00  AM  to  10:00  PM). 

/ 

B The  middle  Level  boom  condition  (dBA  is  76.  5)  pre- 
sented 30  times  per  day. 

C The  low  level  boorp  (72.  0 dBA)  presented  30  times /day. 

D The  middle  level  boom  presented  15  times  per  day. 

E The  low  level  boorp  presented  15  times  per  day. 

Table  2-1  summarizes  the  experiment  presentation  arrangements. 
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TABLE  2-1.  Study  design. 


NO. 

BOOMS 

THIRTY  BOOMS 
PER  DAY 

FIFTEEN  BOOMS 
PER  DAY 

JF 

1 

2 

3 

4 

5 

6 

CONDITION  SEQUENCE 

1 

K 

A 

B 

C 

D 

E 

2 

K 

A 

C 

B 

E 

D 

3 

K 

B 

A 

C 

D 

E 

4 

K 

B 

C 

A 

E 

D 

5 

K 

C 

A 

B 

D 

E 

6 

K 

C 

B 

A 

E 

D 

For  weeks  "2",  M3",  and  "4"  a particular  family  would  be  exposed 
to  high,  middle,  or  low  level  booms  in  accordance  with  one  of  the 
six  condition  sequences.  Since  twelve  families  participated  in  the 
study,  two  families  were  exposed  to  each  of  the  six  condition  se- 
quences. The  aim  was  to  utilize  all  permutations  of  the  three  boom 
levels  so  as  to  permit  averaging  out  of  order  effects.  Conditions 
D and  E (15  booms  per  day  at  middle  and  low  levels)  were  not  in- 
cluded in  the  experiment  until  some  results  from  conditions  A,  B, 
and  C (30  booms  per  day  at  high,  middle,  and  low  levels)  had  been 
scrutinized.  Thusly,  conditions  D and  E were  balanced  by  present- 
ing middle  level  booms  to  one-half  of  the  families  during  the  fifth 
week  while  the  remaining  families  were  exposed  to  fifteen  low  level 
booms;  the  levels  for  each  family  were  reversed  for  the  sixth  and 
last  week  of  the  experiment. 


2.  3.  Dependent  Measures 


Establishing  a threshold  relative  to  either  the  sensation  or 
perception  of  a measure  of  energy  (sound,  light,  heat,  vibration) 
requires  categorizing  of  responses  as  opposed  to  equal-interval 
scaling  of  human  response  to  energy  which  utilizes  approaches  such 
as  magnitude  estimation  or  successive  intervals  calculations 
(see  Ref.2-3.  Establishing  an  auditory  threshold  at  a particular 
frequency,  such  as  at  1000  Hz,  is  a straightforward  example  of  cat- 
egory scaling;  no  attempt  is  made  to  scale  response  as  the  task  is  to 
respond,  "Yes,  I sense  the  stimulus",  or  "No,  I do  not  sense  the 
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stimulus".  Stevens'  Mark  VI  and  Mark  VII  are  examples  of  equal 
interval  scaling  in  psychoacoustics;  an  increase  or  decrease  of 
approximately  6 to  10  dl^  depending  on  the  characteristic  of  the  sig- 
nal, either  doubles  or  halves  the  loudneBs  or  perceived  level  of  a 
sound.  Since  the  main  objective  is  to  determine  the  threshold  of  • 

acceptability  for  sonic  boom  levels,  response  measures  using 
category  scaling  (no  equal-interval  scaling)  are  emphasized.  How- 
ever, the  problem  is  much  more  complicated  than  obtaining  a thresh- 
old in  the  classical  sense  due  to  the  fact  that  the  sounds  are  clearly 
audible  and  that  persons  bring  different  personality  and  attitudinal 
characteristics  into  their  perceptions.  Thusly,  response  data  was 
obtained  emphasizing  category  scaling  but  from  a number  of  points 
of  view. 

Two  somewhat  similar  schedules  were  used  to  obtain  partici- 
pants' response  to  the  various  boom  conditions,  one  on  a daily 
basis  and  the  other  on  a weekly  basis  at  the  termination  of  a particu- 
lar condition.  The  daily  schedule  was  used  with  the  "main"  parti- 
cipant or  the  adult  who  was  at  home  for  the  greater  amount  of  time. 

The  daily  schedule  is  given  in  Figure  Z-A. 

The  "main"  participant's  reactions  were  obtained  by  telephone 
each  evening  between  9:30  and  10:30  PM.  Prior  to  the  start  of  the 
experiment,  all  adults  participating  were  provided  copies  of  the 
schedule  and  trained  in  its  use. 

The  intent  of  section  "A"  of  the  SCHEDULE  is  readily  apparent. 

For  the  most  part,  the  aim  is  to  determine  if  the  booms  interfered 
with  certain  activities,  caused  annoyance  or  disturbance.  The  first 
nine  items  of  "A"  have  been  used  extensively  in  social  survey  stud- 
ies involving  annoyance  to  aircraft  noise  (Ref.Z-4).  Item  "B"  is 
aimed  at  scaling  the  total  eff'  of  a daily  boom  exposure  using 
magnitude  estimation.  We  exr  -tea  that  this  would  be  a difficult 
task  so  each  "main"  participant  was  trained  using  broad  band  noise 
prior  to  the  start  of  the  experiment.  Section  "C"  asks  the  main 
participant  to  evaluate  their  children's  response  to  the  booms  while 
"D"  is  a rating  of  annoyance  on  a five-point  category  scale.  For 
item  "E",  if  they  were,  at  most,  moderately  annoyed,  we  were  in- 
terested in  the  time  period  at  which  annoyance  was  present.  The 
intent  of  section  "F"  was  to  de^prmine  if  the  subjects  found  other 
sounds  in  their  homes  as  annoying  or  disturbing  as  the  booms. 

The  Weekly  Noise  Schedule  (Fig.  Z-B)  was  administered  to  both 
adults  at  the  end  of  each  boom  condition.  The  first  eleven  items  are 
identical  to  those  of  section  "A"  of  the  Daily  Noise  Schedule,  with 
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FIGURE  2-A.  Dally  noise  schedule. 


A.  Hello.  This  Is . 

Did  any  of  the  sounds  ... 

YES  NO  1.  Startle  you? 

YES  NO  2.  Keep  you  from  going  to  sleep? 

YES  NO  3.  Wake  you  up? 

YES  NO  4.  Interfere  with  listening  to  TV.  radio 

records,  or  tapes? 

YES  NO  5.  Make  the  TY  picture  flicker? 

YES  NO  6.  Make  the  house  vibrate  or  shake? 

YES  NO  7.  Interfere  with  conversation? 

YES  NO  8.  Interfere  with  a telephone  conversation? 

(If  no.  Did  any  noises  occur  while  using 
the  phone?  YES  NO  ) 

YES  NO  9.  Disturb  your  rest  or  relaxation? 

YES  NO  10.  Interfere  with  or  disturb  any  other  activity? 

If  yes,  specify  one  only: 

YES  NO  11.  Bother,  annoy,  or  disturb  you  In  any  other  way? 

If  yes,  specify  one  only: 


B.  How  would  you  rate  the  loudness  of  the  sounds  you  experienced 
today  relative  to  those  you  experienced  during  the  first  day 
of  the  program.  Remember  that  the  first  day  of  sounds  Is 

assigned  the  number  "100"  and  you  are  to  assign  a loudness  j 

number  proportional  to  the  number  "100".  j 

i 

j 

C.  In  respect  to  your  child  (children),  was  there  any  Indication  j 

that  the  sounds  


YES 

NO 

1. 

Startled  him  (her)  (them)? 

YES 

NO 

2. 

Kept  from  going  to  sleep? 

YES 

NO 

3. 

Awakened  him  (her)  (them)? 

YES 

NO 

4. 

Interfered  with  or  disturbed  any  other  activity? 

If  yes,  note  two  activities: 
a.  b. 
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FIGURE  2-A  (continued).  Daily  noise  schedule 


D.  Now,  I would  like  for  you  to  rate  the  sounds  on  a 5-point  scale 
as  to  how  much  they  annoyed  or  disturbed  you. 


How  much  did  the  sounds  annoy 
you  — almost  Intolerable, 
very  much,  moderately 
very  little,  or  not  a.  all? 


a.  Almost  intolerable 

b.  Very  much 

c.  Moderately 

d.  Very  little 

e.  Not  at  all 
’f.  Don't  know 


E.  If  a,b,  or  c to  0 — When,  during  the  day,  did  they  tend 
to  bother  or  annoy  you? 

a.  Morning  (0700  - 1200) 

b.  Afternoon  (1200  - 1700) 

c.  Evening  (1700  - 2200) 


F.  YES  NO  1.  Were  there  other  sounds  which  you  heard  in 

your  home  today  that  bothered  or  annoyed  you 
as  much  as  the  sounds  we  pl»y«d? 

(If  yes,  record  up  to  three  raise  sources.) 

YES  NO  2.  Any  sounds  in  your  home  which  bothered  or 

annoyed  you  more  than  the  sounds  we  played? 
(If  yes,  record  up  to  three  sound  sources.) 
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FIGURE  2-B.  Weekly  noise  schedule. 


Hello,  Mr.  . First  I want  to  ask 

you  if  the  sounds  caused  annoyance  or  disturbed  some 
of  the  things  you  might  have  been  doing.  If  so,  then 
I'll  ask  you  to  give  me  a rating  on  a 5-polnt  scale 
as  to  how  much  they  disturbed  you. 

Old  any  oF  the  sounds  . . . 


YES 

NO 

1.  Startle  you? 

a. 

Almost  Intolerable 

If  "yes",  how  disturbing 

b. 

Very  much 

was  the  experiehce  of 

c. 

Moderately 

being  startled? 

d. 

Very  little 

e. 

Not  at  all 

f. 

(Don't  know) 

YES 

NO 

2.  Keep  you  from  going  to 

a. 

Almost  intolerable 

sleep? 

b. 

Very  much 

If  "yes",  how  disturbing 

c. 

Moderately 

was  the  difficulty  In 

d. 

Very  little 

going  to  sleep? 

e. 

Not  at  all 

f. 

(Don't  know) 

YES 

NO 

3.  Wake  you  up? 

a. 

Almost  intolerable 

If  "yes",  how  disturbing 

b. 

Very  much 

was  the  experience  of 

c. 

Moderately 

being  awakened? 

d. 

Very  little 

e. 

Not  at  all 

f. 

(Don't  know) 

YES 

NO 

4.  Interfere  with  listening 

a. 

Almost  intolerable 

to  TV,  radio,  records,  or 

— b. 

Very  much 

tapes? 

c. 

Moderately 

If  "yes",  how  disturbing 

d. 

Very  little 

was  the  Interference? 

e. 

Not  at  all 

f. 

(Don't  know) 

YES 

NO 

5.  Make  the  TV  picture 

a. 

Almost  Intolerable 

flicker? 

’ b. 

Very  much 

If  "yes",  how  disturbing 

c. 

Moderately 

was  the  flicker! ngf 

d. 

Very  little 

e. 

Not  at  all 

f. 

(Don't  know) 

YES 

NO 

6.  Make  the  house  vibrate 

a. 

Almost  intolerable 

or  shake? 

— b. 

Very  much 

If  "yes",  how  disturbing 

c. 

Moderately 

was  the  vuratlng  and 

d. 

Very  little 

shaking? 

e. 

Not  at  all 

f. 

(Don't  know) 
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FIGURE  2-B  (continued).  Weekly  noise  schedule. 


YES  NO 


YES  NO 


YES  NO 


7.  Interfere  with  conversation?  a.  Almost  Intolerable 


If  "yes",  how  disturbing 
was  the  Interference? 


8.  Interfere  with  a tele- 
phone conversation? 

If  "yes",  how  disturbing 
was  the  Interference? 


9.  Disturb  your  rest  or 
relaxation? 

If  "yes",  how  disturbing 
was  the  Interruption? 


b.  Very  much 

c.  Moderately 

d.  Very  little 

e.  Not  at  all, 

f.  (Don't  know) 

a.  Almost  Intolerable 

b.  Very  much 

c.  Moderately 

d.  Very  little 

e.  Not  at  all 

~ f.  (Don't  know) 

a.  Almost  intolerable 

b.  Very  much 

c.  Moderately 

d.  Very  little 

e.  Not  at  all 

f.  (Don't  know) 


YES  NO  10.  Interfere  with  or  dis- 
turb any  other  activity? 
If  "yes",  how  disturbing 
was  the  Interference? 


YES  NO  11.  Bother,  annoy,  or 

disturb  you  in  any  other 
way? 

If  "yes",  how  disturbing 
was  the  annoyance? 


Almost  intolerable 
Very  much 
Moderately 
Very  little 
Not  at  all 
(Don't  know) 


Almost  intolerable 
Very  much 
Moderately 
Very  little 
Not  at  all 
(Don't  know) 


How  many  of  the  sounds  do  you  estimate  you  heard  during  the  week? 


WORKING  ADULT  ONLY: 

YES  NO  1.  Are  there  other  sounds  occurring  in  your  home  which 

bother  or  annoy  you  as  much  as  the  ones  we  played? 

If  yes,  record  up  to  three  noise  sources. 

YES  NO  2.  Are  there  any  sounds  which  occur  in  your  home  that 

bothered  or  annoyed  you  niore  than  the  ones  we  played? 
If  yes,  record  up  to  three  noise  sources. 
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FIGURE  2-B  (continued).  Weekly  noise  schedule. 

BOTH  ADULTS: 

If  the  sounds  you  were  exposed  to  this  week  were  to 
continue  Indefinitely  In  your  neighborhood  . . . 

YES  NO  Would  they  be  acceptable  to  you? 

YES  NO  Could  you  learn  to  live  with  them? 

YES  NO  Would  you  move  to  another  neighborhood? 


the  exception  that  if  a participant  responded  "yes"  to  any  of  the 
eleven  items,  they  were  then  asked  to  rate  the  "amount"  on  a five- 
point  category  scale.  ALso,  the  adult  (usually  the  husband)  who 
tended  to  be  at  baacn.e  less  the  matt  partictpaeitt.  was  A^ked  he 

foojosi  nrWr  scsa’ads  am  the  home  were  equally  or  ¥»vo re  a'n’ivoy’ivig 
than  the  booms.  Finally  both  adults  were  asked  the  three  key  ques- 
tions concerning  the  possibility  that  the  sounds  for  that  week  would 
continue  on  indefinitely  in  their  neighborhood.  If  nearly  all  persons 
were  to  respond  "yes",  "yes",  "no"  to  these  last  three  questions,  we 
would  conclude  that  the  level  and  number  of  booms  presented  for 
that  experiment  condition  was  a conservative  estimate  of  the  thresh- 
old of  acceptability.  The  Weekly  Noise  Schedule  is  given  in  Figure 
2-B. 


2. 4.  Subjects 


The  twelve  subject  families  were  recruited  via  the  following 
advertisement  in  a Seattle  evening  newspaper.  There  was  an  unex- 
pectedly strong  response  to  the  advertisement  and  it  was  clear  that 


FIGURE  2-C.  Advertisement  placed  in  Seattle 
evening  newspaper  for  recruiting 
subject  families. 


we  would  not  be  able  to  work  with  all  the  families  who  were  inter- 
ested in  participating.  The  sequence  in  hiring  subject  families  is 
as  follows: 


- A brief  explanation  of  the  program  was  given  at  the  first 
telephone  contact.  Ages  of  famiLy  members,  number  of 
years  of  schooling  completed  by  adults,  family  income, 
and  home  address  were  obtained. 

- The  above  information  was  then  examined  and  for  those  se- 
lected both  husband  and  wife  were  asked  to  visit  our 
laboratory. 
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- During  this  first  visit,  we  demonstrated  some  of  the  impulse 
noises  to  which  they  would  be  exposed.  We  gave  them  more 
information  relative  to  the  requirements  of  the  program  and 
agreement  was  reached  as  to  their  participation. 

As  part  of  the  study,  all  members  of  each  family  were  examined 
audiometrically  and  a noise  oriented  social  survey  was  administered 
to  each  adult.  One  of  the  aims  of  collecting  the  social  survey  data 
was  to  make  certain  that  we  had  selected  families  that  represented  a 
fairly  broad  socio-economic  spectrum.  Also,  there  was  interest 
in  whether  or  not  some  of  their  attitudes  concerning  noise  could  be 
qualitatively  related  to  their  responses  to  the  simulated  sonic  boom 
conditions.  Following  are  summaries  of  pertinent  characteristics 
describing  the  subject  families.  The  question  or  characteristic  in- 
vestigated is  given  along  with  tabulation  of  the  subjects'  responses. 


1.  How  do  you  like  living  in  your 
neighborhood  ? Do  you  rate  it 
as  an  excellent,  good,  fair, 
poor,  or  very  poor  place  to 
live  ? 

The  wives  were  more  inclined 
to  rate  their  neighborhood  as 
an  excellent  place  to  live  than 
were  the  husbands;  9 1 percent 
of  the  wives  rated  their  neigh- 
borhood as  "good"  or  "excel- 
lent" while  8Z  percent  of  the 
husbands  rated  their  neighbor- 
hood "good"  or  "excellent". 


PERCENT  RESPONDING 
TO  CATEGORIES 


WIFE 

HUSBAND 

Excellent 

67 % 

46% 

Good 

25% 

— 

Fair 

8% 

18% 

Poor 

— 

— 

Very  Poor 

— 

— 

j( Don't  Know)  | 

— 

i.  Do  you  like  many  things,  just 
a few  things,  hardly  anything, 
or  nothing  at  all  about  living 
around  there  ? 

More  than  80  percent  of  the  re- 
spondents (both  wife  and  hus- 
band) "like  many  things"  about 
living  in  their  neighborhood. 


PERCENT  RESPONDING 
TO  CATEGORIES 


WIFE 

HUSBAND 

Many  Things 

84% 

82% 

A Few  Things 

8% 

18% 

Hardly 

Anything 

8% 

— 

Nothing 
at  All 

— 

— 

(Don't  Know) 

— 

— 
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3.  Whit  are  some  of  the  things 
you  DON'T  like  about  living  in 
your  neighborhood? 

This  open-ended  question  was  examined  for  whether-or-not 
noise  was  mentioned.  Twehty-five  percent  of  the  wives  spon- 
taneously reported  that  noise  was  one  of  the  things  they  did 
not  like  about  their  neighborhood  while  18  percent  of  the  hus- 
bands mentioned  noise. 


4.  How  noisy  or  quiet  do  you  think 
this  neighborhood  is?  Very 
noisy,  somewhat  noisy,  some- 
what quiet,  very  quiet? 

Notice  that  50  percent  of  the 
wives  rate  their  neighborhood 
as  on  the  noisy  side  while  only 
9 percent  of  the  husbands  per- 
ceive their  neighborhood  as 
being  noisy. 


5.  When  you're  inside  your  house, 
does  noise  in  the  neighborhood 
bother  or  annoy  you  very  much, 
moderately,  very  little,  or  not 
at  all? 

Both  wives  and  husbands  report 
very  little  annoyance  from 
neighborhood  noise  while  in 
their  homes,. 


PERCENT  RESPONDING 
TO  CATEGORIES 


WIFE 

HUSBAND 

Very  Noisy 

17% 

9% 

Somewhat  Noisy 

33% 

— 

Somewhat  Quiet 

42% 

82% 

Very  Quiet 

8% 

9% 

(Don’t  Know) 

— 

PERCENT  RESPONDING 
TO  CATEGORIES 


WIFE 

HUSBAND 

Very  Much 

8% 

Moderately 

8% 

18% 

Very  Little 

34% 

36% 

Not  at  All 

50% 

46% 

(Don't  Know) 

— 
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6.  When  you're  inside  your  house,  which  is  the  MOST  bothersome 
noise  from  the  neighborhood  that  you  hear? 


WIFE 

HUSBAND 

WIFE 

HUSBAND 

Barking  dogs 

1 

lawn  mower 

Dogs  barking 

7 

Nothing 

Hotroddlng  cars 

2 

None 

Screeching  cars 

8 

Dogs 

Motorcycl es 

3 

Kids  noise 

None 

9 

Dogs  barking 

Hot  rod  car 

4 

5ma11  airplane 

Trucks 

10 

Trucks 

Motorbikes 

5 

Geese  and  ban- 

Trucks 

11 

Nothing 

Honking  car 

6 

tam  chickens 
Cars 

Boat  whistles 

12 

Nothing 

This  question  almost  forces  the  respondent  to  give  the  MOST 
bothersome  noise  in  the  neighborhood.  Approximately  67  per- 
cent of  the  wives  mentioned  noise  associated  with  ground  trans- 
port (cars,  trucks,  motorcycles)  while  only  one  of  the  hus- 
bands responded  in  the  ground  transport  category.  One-third 
of  the  husbands  responded  "none"  or  "nothing"  while  only  one 
of  the  wives  would  not  name  a "MOST  bothersome"  neighbor- 
hood noise. 


7.  Each  adult  participant  responded  to  a ten  item  noise  sensitivity 
teat  which  had  been  utilized  in  a number  of  previous  studies 
(Raf.  2-5).  The  ten  items  are: 


(1) 

(2) 

(3) 

i A \ 

(5) 

(6) 

(7) 

(8) 
(9) 

(10) 


To  hear  water  dripping  from  a tap. 

To  hear  a neighbor's  radio,  television,  or  phonograph 
playing  loudly. 

To  hear  chalk  squeaking  on  a blackboard. 

To  hear  heavy  traffic  continually  pass  my  house. 

To  hear  dogs  barking  or  cats  fighting  when  I am  trying 
to  go  to  sleep. 

To  hear  a low-flying  jet  pass  overhead. 

To  hear  a pneumatic  drill  working  outside  my  house. 
To  hear  the  prolonged  crying  of  someone  else's  Laby. 
To  hear  the  telephone  ring  for  a long  time. 

To  hear  interference  on  the  television  or  radio. 


Subjects  responded  using: 


a.  Extremely  annoying 

b.  Moderately  annoying 

c.  Slightly  annoying 

d.  Not  annoying 
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The  ten  items  were  then  scored  on  the  basis  of  0,  1,  2,  3 witu 
"0"  for  Not  Annoying  and  ’'3"  for  Extremely  Annoying*  This 
means  that  scores  to  the  test  could  range  from  0 to  30. 
Results  are  given  in  Table  2-2. 

TABLE  2-2.  Mean  and  range  of  scores 
to  noise  sensitivity  test. 


WIVES 

HUSBANDS 

22.2 
13  - 28 

18.4 
13  - 25 

Both  wives  and  husbands  scored  relatively  high  on  this  noise 
sensitivity  test  with  wives  reporting  greater  sensitivity  to 
noise  than  husbands.  For  h previous  study  involving  180  ad\ilt 
subjects  (Ref.  2-5  ) the  mean  response  was  15.  4 and  the 
scores  ranged  from  a low  of  "2"  (very  insensitive)  to  a high 
of  "27"  (very  sensitive  to  noise).  For  a second  earlier  study 
involving  40  English  subjects,  the  mean  score  was  14.9 
(Ref.  2-3  )•  The  lowest  score  for  any  of  the  twenty-four  per- 
Buijs  from  this  present  research  program  was  13  which  is 
quite  close  to  the  average  scores  for  the  previous  two  studies. 
Clearly,  these  subjects  see  themselves  as  being  unusually 
sensitive  to  noise. 


Compared  to  other  people,  are 
you  more  aware  of  noise  than 
others,  about  the  same  as  oth- 
ers, or  less  aware  of  noise  than 
other  persons  ? 

Wives  tend  to  report  that  they 
are  more  aware  of  noise  com- 
pared to  others  than  do 
husbands. 


PERCENT  RESPONDING 
TO  CATEGORIES 


Auia  v*o 

f 'w  » v » .fix*  , v 

Same  as 
Others 

Less  Aware 


WIFE 

HUSBAND 

33% 

18% 

42% 

55% 

25% 

27% 
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9.  Some  people  have  said  that 

"pollution  is  one  of  the  biggest 
problems  of  modern  times". 
Would  you  agree  strongly, 
agree  somewhat,  disagree 
somewhat,  or  disagree  strongly 
with  tbat  statement? 

The  wives  clearly  agree  strong- 
ly to  a greater  extent  than  do 
the  husbands  that  "pollution"  is 
a serious  problem. 


PERCENT  RESPONDING 
TO  CATEGORIES 


WIFE 

HUSBAND 

Agree  Strongly 

75% 

27% 

Agree  Somewhat 

17% 

55% 

_TJlsagree  " 
Somewhat 

8% 

18% 

Disagree 

Strongly 

— 

— 

(Don't  Know) 

— 

— 

10.  The  proceeding  paragraphs  provide  attitudinal  kinde  of  infor- 
mation from  those  participating.  This  section  gives  objective 
characteristics  relative  to  socio-economic  level,  age,  family 
composition  and  so  on.  Table  2-3  provides  data  concerning 
length  of  time  the  family  has  lived  in  their  neighborhood, 
whether -or -not  they  are  owning  or  renting,  years  of  schooling 
completed  by  the  head  of  the  household,  and  the  number  of 
persons  living  in  the  home. 

TABLE  2-3.  Some  characteristics  of  participating  families. 


How  long  lived  In 

Average  of 

Range  of 

nel ghborhood 

5.2  years 

1 to  18  years 

Own  or  renting 

83%  own 

17%  rent 

Schooling  of  head 

Average  of 

Range  of 

of  household 

13.5  years 

10  to  16  years 

IhJIllUCI  III 

rtf 

Range  of 

household 

4.5  persons 

3 to  8 persons 

The  occupations  for  the  twelve 
as  follows: 

Meteorological  Technician 
Service  Representative 
Public  Relations 
Auto  Body  Repair 
Wholesale  Florist 
Glassblower 


neads  of  the  households  were 

Greenskeeper 
W riter 

Utility  Maintenance 
Carpenter 
T reasurer 

Vice  Pres.,  Mgt  Serv. 
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TABLE  2-4.  Suninary  of  Income  for 
participating  families. 


YEARLY  INCOME 

PERCENT 

INCLUDED 

Under  $5,000 

— 

5,000  - 9,999 

16.5* 

10,000  - 14,999 

42.  OX 

15,000  - 19,999 

25.  OX 

20,000  or  more 

16. 5X 

A summary  of  family  income  is  shown  in  Table  2-4.  The 
majority  of  the  families  were  in  a middle  income  range  of  ten 
to  fifteen  thousand  dollars  per  annum  while  16.  5 percent  were 
under  $10,  000  with  the  same  number  earning  more  than 
$20,  000  per  year. 

Table  2-5  provides  the  final  information  on  family  character- 
istics which  is  a summary  of  ages  for  the  head  of  the  household 


TABLE  2-5.  Summary  of  ages  for 
heads  of  househol ts. 


AGE  CATEGORIES 
(Years) 

PERCENT  IN 
CATEGORY 

20  - 24 

8X 

25  - 29 

25X 

30  - 34 

8X 

35  - 39 

40  - 49 

-- 

50  - 59 

17% 

60  - 69 

8% 

The  distribution  of  ages  for  the  heads  of  households  fairLy 
well  covers  the  range  of  ages  for  adult9  with  the  majority 
falLing  in  the  middLe  to  late  thirty  category.  The  median  age 
is  approximately  37  years  of  age. 


11.  Results  to  some  of  the  attitudinal  questions  given  above  are 
not  particularly  meaningful  unless  they  are  compared  to  those 
obtained  from  a sample  of  persona  that  can  be  considered  rep- 
presentativc  of  a Larger  population.  Responses  to  these  same 
questions  were  obtained  from  adult  respondents  residing  in 
659  randomly  selected  households  (Ref.  2-6  ).  Table  2-6  gives 
pertinent  results  from  this  previous  study  and  those  for  the 
husband  and  wives  of  the  present  study.  The  Paragraph  Number 
heading  the  first  column  of  Table  2-6  corresponds  to  the  num- 
bered paragraph  of  this  section  in  which  more  detailed  results 
are  presented.  Under  "Item”  in  Table  2-6,  a synopsis  of  the 
question  is  given  while  the  third  column  gives  the  "Category" 
that  was  selected  for  comparison.  The  last  three  columns 
provide  percents  responding  to  that  category  so  that  compari- 
sons can  be  made. 


TABLE  2-6.  Comparison  of  some  attitudinal  results  to  those  from 
a larger,  previous  study  (Ref.  2-6). 


PARA. 

NO. 

ITEM 

CATEGORY 

PREVIOUS 

STUDY 

WIFE 

HUSBAND 

~rn 

Rate  neighborhood? 

Excellent 

27.9% 

67* 

46* 

mm 

How  many  things  like? 

Many  thlnqs 

54.  1% 

84* 

82* 

Things  you  don't  like? 

*(0pen~end  ques.) 

27.6* 

25* 

18* 

E9 

How  noisy  or  quiet? 

Somewhat  quiet 

42.4* 

42* 

82* 

mm 

Awareness  of  noise? 

More  aware 

23.8* 

33* 

18* 

n 

Pollution  question. 

Aqree  strongly 

65.8* 

75* 

27* 

♦Percent  Is  for  those  who  mentioned  that  some  noise  event  was 
not  liked. 


Using  the  re  mils  from  the  previous  numbered  paragraphs,  a 
profile  of  the  subject  families  is  given. 

(a)  Both  wives  and  husbands  are  more  likely  to  rate  their  neigh- 
borhood as  "Excellent"  than  persons  interviewed  on  a randomly 
selected  basis.  Also  they  are  inclined  to  like  "many  things" 
concerning  their  neighborhood  to  a greater  extent  than  persons 
in  the  larger,  random  sample.  Both  the  wives  and  husbands 
like  their  neighborhoods. 

(b)  Noise  was  mentioned  as  one  of  the  things  (open-ended  question) 
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that  was  not  liked  by  the  wives  to  about  the  same  degree  as 
those  from  the  previous  study  but  husbands  were  slightly  less 
concerned  with  neighborhood  noise.  The  wives  reported  that 
their  neighborhood  was  "somewhat  quiet"  to  almost  the  same 
extent  as  found  in  the  larger,  previous  study  but  the  husbands 
were  much  more  inclined  to  report  that  their  neighborhood 
was  "somewhat  quiet".  The  wives  rate  their  neighborhood  as 
being,  on  the  average,  about  as  noisy  as  others  rate  their 
neighborhoods,  but  the  husbands  see  their  neighborhood  as 
being  very  much  on  the  quiet  side. 

(c)  Both  wives  and  husbands  are  much  more  sensitive  to  noise  than 
are  persons  responding  to  the  identical  noise  sensitivity  test. 

In  respect  to  "awareness  of  noise",  the  wives  do  report  that 
they  are  more  aware  than  the  larger  group  (33%  to  2 3.  8% 
respectively)  while  the  husbands  are  sLightly  under  the  compari- 
son group. 

(d)  The  data  presented  in  paragraph  10.  shows  that  a wide  range 
of  occupations  and  incomes  were  present  for  the  subject  fami- 
lies although  no  unusually  "poor"  or  "rich"  families  took  part 
in  the  experiment. 
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3.  ACOUSTICAL  AND  EQUIPMENT  CONSIDERATIONS 


3.  1.  Wave  Form  Considerations 


The  basic  wave  form  of  a sonic  boom  can  be  described  by  an 
"N-wave"  which  can  be  expressed  in  three  parameters:  (1)  rise 
time  to  first  maximum,  (Z)  peak  overpressure,  and  (3)  duration 
between  positive  and  negative  pressure  maxima.  Although  the  ac- 
tual sonic  beam  may  depart  from  this  shape  as  a result  of  ground 
reflections,  ground  absorption,  atmospheric  distortions  and  phase 
shift,  etc.  , the  N-wave  is  a valid  and  repeatable  form  which  can 
be  considered  the  same  as  the  first  for  purpose  of  synthesis. 

The  frequency  spectrum  of  the  symmetrical  N wave  can  be 
closely  approximated  by  the  expression: 

P(u)  = lADj^wfD)  x j0(*‘R)  (3-1) 

where  A is  the  peak  overpressure,  D is  the  duration,  R is  the  rise 
time,  and  jj  and  jg  are  spherical  Bessel  functions  of  the  first  kind, 

— i /: a. a ct.  _ . j — , 

CUM-*  UU/l  CL  LIKA  tCjKZ  L UUl  'J  ITUC  X'  , 

JO  = ( s i n y ) / y , and 

jl  s [(sin  x)/x“]  - [(cos  x)/x] 

This  derivation  and  a typical  plot  for  a duration  of  350  msec,  and 
a rise  time  of  5,  10.  and  Z0  msec,  are  given  by  Oncley  and  Dunn 
(J.  Acoust.  Soc,  Am.  43,  889-890),  reprinted  as  Appendix  1 to 
tlii  s report. 

Filtering  or  differentiation  which  affects  only  the  spectrum 
components  below  Z0  Hz  does  not  change  the  sound  of  the  N-wave, 
and  should  not  be  a factor  in  its  acceptability.  (This  does  not 
exclude,  however,  the  possibility  that  infra-sonic  frequencies  may 
affect  building  structures,  which  may  in  some  cases  generate  rat- 
tles or  other  audible  sounds.)  Tbie  finding  has  been  experimentally 
verfied  by  several  investigations  including  a study  at  the  Boeing 
Company  conducted  by  J,  E.  Mabi-y  (now  with  MAN-Acoustic3  and 
Noise,  Inc.  ) and  J.  W.  Xdttle.  The  report  on  this  study  is  incor- 
porated in  this  report  as  Appendix  Z.  For  the  purposes  of  the 
present  study,  the  actual  filter  cut-off  point  was  40  Hz  rather  than 
Z0  Hz  due  to  loudspeaker  limitations,  but  there  was  unanimous 
agreement  on  the  part  of  listeners  with  experience  in  evaluating 
actual  outdoor  sonic  booms  that  a very  adequate  simulation  was 
attained. 
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3.  i.  -Equipment  Requirements 


3.4.1.  Reproducing  Systems  Since  the  simulated  sonic  boom  was 
presented  to  two  groups  of  six  households,  six  signal  generation 
systems,  plus  a seventh  system  retained  in  the  laboratory  as  a 
control  and  spare,  were  required.  Each  system  had  four  loudspeak- 
ers installed  in  various  rooms  of  the  house,  except  that  in  one  very 
small  cottage  only  three  speakers  were  required.  The  equip.nent 
installed  in  each  house  is  shown  schematically  in  Figure  3-A. 


LOUD- 

SPEAKER 

t— -J 

SYSTEM  1 

LOUD- 

SPEAKER 

k — 

SYSTEM  3 

LOUD- 

SPEAKER 

SYSTEM  4 


FIGURE  3-A.  Block  diagram  of  sonic  boom  reproduc',.*  systems. 
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The  tape  players  employed  were  modified  Sony  TC-£08  eight- 
traclq  two  channel  stereo  tape  decks  operating  at  3-3/4  ips.  Sony 
specifications  List  a SO  to  10,  000  Hz  frequency  response,  50  dB 
aigaal-to-noise  ratio,  3%  harmonic  distortion,  and  0.  Z 5%  wow  and 
flutter.  By  pre -emphasis  in  recording  the  Low  frequency  range 
was  held  flat  to  40  Hz.  Modifications  were  made  to  the  control  sys- 
tem to  disable  the  automatic  track  switching  mechanism  and  to 
start  the  tape  on  command  from  the  timing  mechanism.  Only  two 
tracks  were  used,  of  which  one  was  the  N-wave,  modified  by  pre- 
emphasis  and  high-pass  filtering  as  described  later,  and  the  other 
was  a pilot  tone  at  approximately  10,  000  Hz,  beginning  10  msec, 
before  the  N-wave,  which  opened  a muting  gate  in  the  amplifier 
input.  This  gate  effectively  enlarged  the  signal-to-noiae  ratio  of 
the  system  by  eliminating  background  hum  and  hiss  and  starting 
transients  associated  with  tape  start-up  which  would  otherwise 
have  provided  the  test  subjects  with  a warning  cue.  Care  was  also 
taken  to  eliminate  mechanical  noise  of  the  tape  start-up  by  acous- 
tic enclosure  of  the  tape  deck  wherever  needed. 


The  timing  circuit  was  designed  to  accept  a quaai-random 
program  stored  on  a re-programmable  Read-Only -Memory  vROM) 
integrated  circuit  cmp.  A block  diagram  of  the  timing  and  con— 
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trol  circuitry  is  given  in  Figure  3-B. 


The  ^4-hour  timer,  operated  off  the  power  mains,  serves  to 
disable  the  system  after  10:00  PM  and  reactivate  it  each  morning 
at  7:00  AM.  All  counters  are  reset  to  zero  each  morning  except 
one  which  denotes  the  day  and  advances  the  ROM  address  to  a 
new  position  each  morning.  Different  programs  are  stored  on  the 
ROM  for  each  of  eight  days,  although  the  system  is  reset  manually 
each  week  when  the  attenuator  settings  are  changed,  so  the  pro- 
gram of  the  eighth  day  is  not  normally  used. 

A step-down  chain  reduces  the  60  Hz  power  line  frequency  to 
one  pulse  every  four  minutes,  so  the  separation  between  test 
stimuli  is  always  some  multiple  of  four  minutes.  The  number 
stored  for  each  signal  in  the  ROM  represents  the  number  of  four- 
minute  increments  until  the  next  impulse.  Likewise  the  counter 
denotes  the  number  of  four-minute  increments  elapsed  since  7:00 
AM.  The  Latch  circuit  holds  a zero  initially  and  the  binary  adder 
outputs  the  sum  of  the  latch  circuit  and  the  number  stored  in  the 
ROM  at  the  initial  address.  If,  for  instance,  the  initial  ROM  num- 
ber is  4,  the  adder  will  present  0 + 4 = 4.  At  7:16  the  counter 
becomes  equal  to  4 and  the  coincidence  circuit  sends  a pulse  to 
activate  the  tape  drive,  and  also  to  reset  the  latch  circuit 
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to  the  current  counter  value  of  4 and  to  advance  the  ROM  address 
counter  to  a second  number. 

The  ROM  stores  thirty  numbers  for  each  day,  generating 
thirty  booms.  They  were  determined  from  a table  of  random  num- 
bers, from  0 to  10,  to  which  2 has  been  added  so  the  shortest  in- 
crement is  8 minutes,  and  the  longest,  48.  They  were  then  further 
tested  to  discard  groups  of  thirty  which  totalled  more  than  fifteen 
or  less  than  fourteen  hours.  As  noted  earlier,  different  programs 
for  eight  days  were  stored  on  the  ROM,  and  the  24-hour  clock  ad- 
vanced the  program  each  day.  Programs  on  successive  weeks 
were  identical  so  the  only  variable  was  signal  amplitude. 

Additional  circuitry  activated  a high  speed  advance  control  on 
the  tape  drive  after  the  pulse,  but  since  onLy  a single  pulse  was 
required  and  the  tape  loop  was  short,  the  fast  forward  control  was 
later  deleted.  (The  same  system  was  to  be  used  later  for  flyover 
noise  tests,  so  some  of  the  control  circuitry  was  more  complicated 
than  needed  for  sonic  boom  tests  alone.  ) 

The  power  amplifiers  used  were  McIntosh  MC2100  Solid  State 
Stereo  Power  Amplifiers,  rated  at  105  watts  per  channel,  with 
response  flat  within  0.25  dB  from  20  to  20,  000  Hz  and  typical  dis- 
tortion of  0.  1%.  Less  expensive  amplifiers  could  have  been  used, 
but  the  reliability  and  flexibility  of  these  amplifiers  ied  to  their  se- 
lection. The  inputs  were  parallel,  giving  separate  gain  controls 
and  outputs  for  the  primary  speaker  system  and  for  the  three 
parallel  secondary  speakers. 

The  primary  speaker  system  us  -d  a room-corner  reentrant 
horn  for  low  frequencies,  following  tne  design  published  by  Paul 
Klipsch  (J.  Acoust.  Soc.  Am.  1_3,  137-144;  1 7,  254-258).  Fre- 
quencies from  350  to  5000  Hz  are  reproduced  by  a fiberglass  expo- 
nential horn,  and  a high  efficiency  horn  tweeter  reproduces  fre- 
quencies from  5 kHz  to  above  17  kHz.  The  Klipsch  horn  takes 
advantage  of  the  high  acoustic  impedance  of  the  room  corner  to 
operate  at  high  efficiency  (approximately  30  -40%)  down  to  its  40  Hz 
cut-off  frequency.  The  system  easily  handles  the  full  105  watts  of 
the  amplifier  and  is  believed  to  be  the  best  speaker  system  commer- 
cially available  for  wide-range,  high  power  reproduction.  The 
speaker  systems  were  built  by  Speakerlab  of  Seattle  as  their  System 
K.  One  of  these  was  installed  in  the  primary  living  area  in  each 
home  tested. 

The  other  three  speakers  were  also  built  by  Speakerlab  as  their 
System  2.  It  is  a less  expensive  direct  radiator  type  with  60  watt 
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power  handling  ability  particularly  designed  for  rock  music.  The 
woofer  is  a 10",  cloth  roll  suspension  cone  type,  with  a 28  Ha 
free  air  resonance.  Three  smaller  cone  speakers  reproduce  fre- 
quencies above  the  2500  Hz  crossover.  Since  the  low  frequencies 
from  the  Klipsch  horn  pervade  the  entire  house,  these  speakers 
compensate  for  the  loss  of  highs  to  give  a realistic  boom  signature 
at  all  points , They  were  installed  in  hallways,  kitchens,  bedrooms, 
etc.,  at  points  selected  to  give  the  most  even  sound  distribution 
possible. 

Levels  were  initially  set  separately  for  the  primary  and 
secondary  systems.  Using  a General  Radio  Type  I Sound  Level 
Meter,  Model  1933,  at  a distance  of  4 feet  and  on  the  axis  of  the 
midrange  tweeter  of  the  Speakerlab  K,  the  gain  control,  with  a zero 
attenuation  pad,  was  set  to  81  dBA,  using  the  "Impulse"  meter 
response.  Since  the  three  Speakerlab  2 systems  were  connected  in 
parallel,  the  level  was  measured  at  one  of  the  speaker  positions, 
also  adjusted  to  81  dBA  at  four  foot.  Levels  were  then  changed  to 
the  selected  tesi  condition  by  inserting  a 4.  5 dB,  9 dB,  or  zero  loss 
fixed  attenuation  pad.  Experiment  conditions  (boom  level  and  num- 
ber) are  given  in  section  2.  2. 

3.2.2,  Signal  Generation  The  N-wave  was  generated  by  an  elec- 
tronic circuit,  shown  schematically  in  Figure  3-C.  The  timing 
chain  is  made  up  of  type  555  one-shot  multi -vibrators,  and  the 
time  constants  of  each  are  adjusted  by  external  resistors  and  capa- 
citors. The  rise  time  of  25  msec,  and  duration  of  350  msec, 
were  chosen  in  consultation  with  the  program  manager,  but  any 
other  values  can  be  substituted.  The  pulses  are  combined  and  then 
integrated,  using  operational  amplifiers  and  standard  circuitry.  A 
gain  adjustment  must  be  provided  so  the  total  direct  current  value 
of  the  integrated  positive  and  negative  values  adds  up  to  zero. 

The  GP  1925  Multifitter  serves  several  functions.  First  of  all, 
it  is  used  to  cut  off  frequencies  below  40  Hz  which  would  not  be 
reproduced  by  the  recording  system  and  which  could  damage  the 
speakers.  Secondly,  it  serves  as  an  accurate  equalizer  to  com- 
pensate for  uneven  frequency  response  in  the  recorder-reproducer 
system  and  in  the  loudspeakers.  It  includes  thirty  1 /3-octave  band 
pass  filters  covering  frequencies  from  3.  15  to  80,  000  Hz,  with 
slide  type  logarithmic  attenuators  permitting  a 50  dB  range  of  at- 
tenuation in  1 dB  steps  in  each  band. 

The  compensation  curve  was  developed  by  recording  "pink 
noise"  (equal  power  per  l /3-octave  band)  from  a General  Radio 
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Model  1582  on  the  Wollensak  recorder  used  for  the  N-wave  re- 
cordings, The  tape  was  replayed  on  the  Sony  TC-208  through  the 
McIntosh  MC2100  amplifier  and  the  Klipsch  horn  loudspeaker  sys- 
tem, just  as  the  signal  would  be  in  the  homes.  The  noise  from 
the  loudspeaker  was  picked  up  with  the  GR  1933  Sound  Level  Meter 
and  was  analyzed  by  the  GR  1921  Real  Time  1 /3-octave  band  anal- 
yzer, using  a 32-second  integration  time.  The  response  of  the 
overai.  system  was  thus  obtained,  and  is  given  in  Figure  3-D. 

(There  was  some  variation  between  speakers,  but  the  curve  is 
typical  and  was  used  for  all  tapes).  The  compensation  curve,  intro- 
duced through  the  GR  1925  Multifilter,  is  a mirror  image  of  this 
curve,  except  for  the  sharp  low  frequency  cut  off  and  a high  fre- 
quency roll  off  to  reduce  tape  hiss.  There  is  very  littLe  signal 
from  the  N-wave  above  1000  Hz  in  any  jase.  The  compensation 
curve  is  shown  also  in  Figure  3-D. 

Figure  3-E  shows  the  overall  system  response  when  compen- 
sation was  introduced  in  the  initial  recording  from  the  pink  noise 
source.  Using  increased  bass  compensation,  it  was  possible  to 
obtain  the  dashed  curve,  flat  within  ±2  dB  from  30  to  10,  000  Hz  at 
the  loudspeaker  output.  With  the  N-wave  source,  however,  the 
speaker  excursion  at  the  very  low  frequencies  was  excessive,  and 
it  proved  preferable  to  cut  off  as  shown  by  the  solid  line  in  Figure 
3-E.  With  this  response  a higher  power  could  be  obtained  and 
the  ear's  sensitivity  is  so  low  at  40  Hz  that  the  reduction  in  low 
frequency  was  not  audible.  Since  the  sonic  boom  spectrum  has 
virtually  no  energy  above  1000  liz,  it  also  proved  preferable  to  re- 
duce the  high  frequency  response  somewhat  to  minimize  background 
noise. 


Figure  3-F(a.  ) shows  an  oscillogram  of  a typical  N-wave  as 
produced  by  the  circuit  of  Figure  3-C,  not  including  the  GR  1925 
Filter  and  the  Recorder,  The  rise  time 


and  the  duration  from  peak  overpressure  to  peak  underpressure 
is  350  milliseconds.  The  oscilloscope  time  base  is  50  millisec- 
onds per  division.  Filtering  drastically  changes  the  wave  form  as 
se  n in  curve  (b),  which  shows  the  effect  of  a 30  Hz  high-pass  fil- 
ter. This  change  of  shape  does  not  change  the  audible  sound  of 
the  signal,  however.  Figure  3-G(a)  gives  the  1 /3-octave  spectrum 
of  the  unfiltered  N-wave,  measured  from  the  electrical  signal  by 
the  GR  1921  analyzer  (dotted  stepped  curve).  The  spectrum  of  the 
N-wave  after  30  Hz  high-pass  filtering  is  shown  by  the  stepped 
solid  curve  (b).  The  two  are  essentially  indistinguishable  above 
40  Hz.  The  smooth  curve  is  the  narrow  band  transfer  of  an  N-wave 
with  25  msec,  rise  times  and  550  msec,  duration,  calculated  from 
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BAND  NUMBER 


Overall  system  response  (compensated 


equation  (3-1)  in  paragraph  3.  1.2.  with  the  addition  of  i dB/octave, 
This  addition  is  to  make  it  easier  to  visualise  the  similarity  between 
the  narrow  band  spectrum,  on  a unit  energy  per  cycle  basis.  and  the 
1 /3-octave  spectrum,  with  unit  energy  per  band,  since  the  band  width 
of  the  filters  increases  with  frequency.  The  way  in  which  the  25  msec 
rise  time  causes  a dip  in  the  80  Hz  response  is  clearly  evident.  The 
40  Hz  dip  is  not  easily  detected  sphere  the  filter  cut-  off  is  about  40  Hz, 
and  higher  frequency  dips  are  somewhat  smeared  by  the  relatively 
wide  1 /3-octave  band. 

Measured  spectra  from  the  acoustic  output  also  show  good  agree- 
ment with  the  electrical  spectra  within  the  audible  range.  There 
were  minor  production  variations  in  the  speaker  systems,  and  since 
the  compensation  curve  was  matched  to  one  typical  system  and  was 
used  for  all,  there  is  some  variation  in  the  measured  acoustic  spec- 
trum at  the  various  locations. 


Measured  and  theoretical  spectra  of  N-wave, 
R - .025  sec.,  D » .350  sec. 
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FIGURE  3-G, 


4.  ANALYSIS  OF  SIMULATED  SONIC  BOOMS 


Since  the  shape  of  the  original  N-wave  has  been  modified  in 
the  recording  and  playback  process,  there  are  complications  in 
interpreting  the  final  results  in  terms  of  peak  overpressure. 

It  has  been  shown  earlier  that  the  subaudible  spectrum  components 
do  not  contribute  to  the  sound  of  a sonic  boom,  and  those  components 
have  been  eliminated  in  the  steps  of  filtering,  pre-equalizing,  re- 
cording and  reproduction.  Likewise,  the  original  phase  relations 
have  been  altered,  but  this  does  not  change  the  sound.  These  changes 
do  radically  alter  the  amplitude -time  function,  as  seen  on  an  oscillo- 
graph, so  it  no  longer  has  the  appearance  of  an  N-wave  in  the  time 
domain,  as  was  shown  in  Figure  3-F. 


In  the  frequency  domain,  however,  the  spectrum  above  the  low- 
frequency  cut-off  should  remain  essentially  unchanged  by  the  filter- 
ing and  recording  process.  By  the  analysis  in  Appendix  A it  is 
possible  to  determine  the  absolute  amplitude  of  all  spectrum  com- 
ponents of  an  N-wave  in  terms  of  its  peak  overpressure  (A),  duration 
(D),  and  rise  time  (r). 


| sln(wfD) 

rcos(irfD)  "| 

s1n(rfr)l 

j 

L fD  J 

irfr  J 

(4-1) 


Figure  4-A  is  a plot  of  the  frequency  spectrum  of  an  N-wave  with 
a duration  of  350  milliseconds  and  a 25  millisecond  rise  time.  It  is 
a composite  curve:  the  position  above  20  Hz  is  an  automatic  plot  of 
the  Fast  Fourier  transform  of  a computer-generated  N-wave  with 
those  parameters.  The  band  width  is  of  the  order  of  about  one  Hertz, 
so  to  get  better  resolution,  the  curve  below  20  Hz  was  calculated 
from  equation  4.  I on  a PDP-11  computer,  and  was  hand-plotted, 
giving  a calibrated  spectrum  level  with  respect  to  the  peak  overpres- 
sure (A). 

Three  regimes  are  recognizable  in  Figure  4-A, 

(1)  Below  the  peak  frequency  at  1 . 8 Hz,  the  curve  is 
asymptotic  to  a +6  clB /octave  straight  line.  The  peak 
frequency  is  inversely  proportional  to  the  N-wave 
duration. 

(2)  Between  1.8  iz  and  about  20  Hz,  there  are  a series  of 
maxima  and  iiarp  minima  generated  largely  by  the 


c 

. i ‘ 


cos(wf  D)/(trf  D)  function  in  equation  (4-1),  with  minima 
when  fD  is  approximately  3 IL,  5/Z,  7/Z,  etc.,  since 
the  first  term  gets  very  smalL  as  fD  product  increases, 
in  the  squared  denominator.  The  locus  of  the  maxima 
is  asymptotic  to  a -6  dB /octave  slope  in  this  region. 

(3)  At  higher  frequencies  the  rise  time  function, 

sin(irf  R) /(irf  R),  becomes  significant.  For  small  values 
of  the  argument,  the  sine  and  the  argument  are  nearly 
equal,  and  the  ratio  is  close  to  unity,  but  when  irl  = 1 /<£, 

3 il,  5/d,  etc.,  the  function  goes  to  zero,  giving  a 
second  series  of  maxima  and  sharp  minima  modulated 
onto  the  envelope  of  the  cos  (fff  D) /(trf  D)  function.  Since 
the  maxima  of  this  rise  time  function  also  fall  off  at  a 
-6  dB /octave  rate,  the  maxima  of  the  total  curve  now 
fall  off  ac  -1£  dB /octave  above  a transition  point  propor- 
tioned to  1/R.  In  this  regime  the  first  term  is  almost 
negligible  and  the  expression  is  basically  the  product 
of  the  two  Bessel  functions:  cos(irf  D) / (trf  D)  and 
sin(TrfR)  /(trfR). 

Fourier  transforms,  presented  as  Figures  4-B  to  4-N,  were 
obtained  of  the  boom  stimuli  as  actually  recorded  in  each  of  the  test 
homes.  By  comparing  the  audible  spectrum  of  these  transforms 
with  a similar  region  of  the  theoretical  curve  it  should  be  possible 
to  determine  the  peak  overpressures  of  an  N-wave  which  would  have 
generated  the  equivalent  auditory  effect.  The  transforms  were 
made  in  another  laboratory,  and  unfortunately  there  was  a misunder- 
standing in  the  calibration  procedure  which  has  made  it  impossible 
to  rely  on  the  absolute  levels  determined  by  this  method. 

Instead,  the  approximate  overpressures  given  in  Tables  4-1 
through  4-3  have  been  calculated  from  the  Stevens  Mark  VI  data 
using  the  engineering  method  suggested  by  Higgins  (Ref.  4-1).  He 
has  shown  that  the  PNL  is  closely  approximated  by  a Perceived 
Level  (PLdB)  defined  by 

PLdB  = 55  + £0  log}  o (AP/At) 

where  AP  is  the  peak  overpressure  in  pounds  per  square  foot  and 
At  is  the  rise  time  in  seconds.  Measurements  in  our  laboratory  as 
well  as  elsewhere  have  confirmed  the  approximate  validity  of  this 
expression  for  the  ranges  under  consideration. 

It  will  be  noted  that  the  Fourier  transform  spectra  do  not  agree 
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in  detail  with  one  another  or  with  Figure  4-A,  chiefly  because  of 
resonances  in  the  various  rooms.  The  frequencies  in  which  we  are 
most  interested,  from  30  to  200  Hz,  lie  in  the  region  where  low 
order  resonances  can  be  expected  in  most  living  rooms.  The  homes 
represented  varying  economic  levels:  some  were  large  and  some 
were  small;  some  had  heavy  draperies  and  thick  carpets  while  some 
were  relatively  bare. 

By  way  of  example,  the  living  room  of  Family  3,  Figure  4-D, 
was  nearly  square,  about  11x13,  with  an  alcove  in  one  corner  which 
extended  the  dimensions  on  that  side  to  13x14.  Fundamental  reso- 
nances are  40.  2 Hz  (141),  43.3  Hz  (1 3'),  and  51.1  Hz  (1 1 ').  These 
broad  resonances  overshadow  the  predicted  narrow  dip  at  40  Hz. 

The  floor  to  ceiling  resonance  for  an  8'  ceiling  is  about  70  Hz  and  the 
second  harmonic  of  the  14'  length  comes  in  at  80  Hz.  The  dip  at 
62  Hz  can  be  explained  from  the  fact  that  the  microphone  at  4 ft  from 
the  speaker  is  4.  54  ft  from  each  wall,  and  a null  point  is  expected 
where  this  distance  is  a quarter  wave.  This  turns  out  to  be  precisely 
62.  0 Hz. 

The  home  of  Family  2 represented  in  Figure  4-C,  was  smaller, 
but  was  typical  of  an  open  design  where  living,  dining,  and  kitchen 
areas  form  an  "L",  and  are  only  partly  separated  by  room  dividers. 
The  speaker  was  in  the  corner  of  the  "L",  with  a 22'  distance  to  the 
kitchen  wall  in  one  direction  and  the  same  distance  to  the  living 
room  wall.  The  living-dining  area  was  15'  wide.  The  22'  length  gave 
a fundamental  resonance  at  25.  5 Hz  which  was  below  the  speaker  cut- 
off frequency,  but  the  15'  dimension  gives  a resonance  at  37.  5 Hz 
which  gives  the  first  strong  peak.  The  combination  of  22'  and  15' 
comes  in  at  45.  4 Hz,  and  the  second  harmonic  of  the  22'  distance 
gives  a 51.  1 resonance. 

It  is  not  profitable  to  pursue  this  analysis  much  further.  In  the 
next  octave  or  two  there  are  a great  many  eigenmodes  which  modify 
the  spectral  structure.  If  the  signal  source  had  been  an  actual  sonic 
boom  from  an  aircraft,  the  variation  in  recorded  indoor  patterns 
would  have  been  equally  noticeable.  The  thing  which  is  significant  is 
the  general  slope  of  the  spectrum  maxima  above  80  or  100  Hz,  and 
in  each  case  the  -12  dB/octave  slope  is  recognizable.  Since  the  com- 
ponents below  60  Hz  contribute  little  to  loudness,  the  frequency  at 
which  the  -12  dB  slope  begins  is  very  important.  Figure  4-P,  for 
instance,  is  the  Fourier  Transform  of  an  N-wave  with  10  msec  rise 
time.  The  -6  dB/octave  slope  extends  to  about  40  Hz,  with  a first 
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TABLE  4-1.  Summary  of  analysis  of  simulated  sonic  boom 
MAXIMUM  LEVEL  {-0  dB  attenuation). 


FAMILY 

NO. 

dBA 

dBD 

IBE 

PNL 

PL6 

PL7 

OVER- 

PRESSURE 

psf 

1 

84.18 

97.09 

94.67 

101.47 

100.00 

92.54 

4.45 

2 

77.84 

91.95 

87.64 

93.15 

91.74 

84.74 

1.72 

3 

81.64 

93.76 

90.96 

96.75 

95.57 

87.10 

2.67 

4 

76.92 

92.01 

87.31 

92.01 

90.56 

83.38 

1.50 

5 

83.60 

98.06 

93.84 

98.15 

95.88 

90.25 

2.77 

6 

84.60 

97.87 

94.67 

100.87 

98.86 

92.00 

3.90 

7 

82.70 

95.30 

92.59 

97.47 

95.85 

88.66 

2.76 

8 

81.74 

97.35 

92.38 

98.76 

97.50 

88.04 

3.33 

9 

79.89 

95.59 

90.91 

96.91 

95.97 

87.00 

2.80 

10 

80.50 

95.31 

90.91 

97.29 

96.20 

87.75 

2.87 

11 

81.40 

93.40 

90.36 

96.58 

94.38 

87.79 

2.33 

12 

81.63 

92.37 

90.08 

97.21 

94.98 

87.91 

2.49 

MEAN 

81.4 

95.0 

91.4 

97.2 

95.6 

88.1 

2.80  ' 

dip  at  100  Hz.  The  -14  dB/octave  region  beyond  150  Hz  is  masked 
above  300  Hz  by  system  noise,  but  a comparison  of  Figures  4-P  and 
4-A  shows  clearly  the  higher  spectrum  level  in  the  range  of  40  to 
400  Hz  produced  by  the  shorter  rise  time. 

The  recorded  spectra  from  the  speakers  in  each  home  were  aLso 
analyzed  by  1 /3-octave  bands,  using  the  General  Radio  Model  1941 
Real  Time  Analyzer,  and  were  combined  into  various  ratings  ao 
given  in  Tables  4-1.  4-4,  and  4-3.  The  recordings  in  each  case 
were  of  the  Klipsch  speaker  system,  at  a four-foot  distance.  Table 
4-1  represents  the  loudest  boom  (-0  dB)  and  Table  4-4  and  4-3 
represent  attenuation  pads  calculated  to  give  -4.  5 and  -9dB  respec- 
tively. 
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TABLE  4-2.  Summary  of  analysis  of  simulated  sonic  boom 
INTERMEDIATE  LEVEL  (-4.5  attenuation). 


FAMILY 

NO. 

dBA 

dBD 

dBE 

PNL 

PL6 

PL  7 

OVER- 

PRESSURE 

psf 

1 

79.72 

92.83 

90.46 

96.71 

95.15 

87.54 

2.54 

2 

73.05 

87.89 

82.87 

88.23 

86.78 

79.51 

0.97 

3 

77.69 

89.61 

86.96 

92.47 

91.01 

82.76 

1.58 

4 

74.51 

88.61 

84.61 

89.61 

87.67 

80.61 

1.08 

5 

79.49 

93.52 

89.46 

94.05 

91.83 

85.73 

1.74 

6 

80.75 

94.03 

90.82 

96.21 

94.24 

87.22 

2.29 

7 

77.51 

89.91 

87.22 

92.71 

90.87 

83.48 

1.55 

8 

77.24 

92.85 

87.88 

94.26 

93.00 

83.54 

1.99 

9 

74.00 

89.98 

85.10 

91.07 

89.90 

80.76 

1.39 

10 

75.98 

90.57 

86.28 

92.81 

91 .68 

83.23 

1.71 

11 

74.59 

87.10 

83.97 

90.12 

88.83 

81.00 

1.23 

12 

74.83 

86.28 

83.83 

89.51 

87.96 

80.32 

1.11 

MEAN  76.6  9C.3  86.6  92.3  90.7  83.0  1.60 


The  engineering  calculation  procedures  of  Tables  4-1,  4-2,  and 
4-3  are  calculated  from  the  1 /3-octave  spectra  by  the  standard 
methods.  The  last  columns  in  Tables  4-1,  4-2,  .mil  4-i,  Peak 
Overpressure  in  PSF,  were  calculated  from  the  l'|. (,  valuer, 
the  equation  of  Ref.  4-1.  Note  that  the  mean  of  the  rJJ'.A  value,,  }, 

were  calculated  from  the  calibrated  tape  recordings  a re  very  close 
to  those  set  in  the  homes  on  the  basis  of  the  impact  sound  level  meter. 
Values  sought  were  81.0,  76.  5,  and  72.  0 dBA  while  mean  values 
obtained  were  81. 4,  76.  6,  and  72.  4 dBA  respectively. 
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TABLE  4-3.  Sumry  of  analysis  of  slaulated  sonic  too*  - 

LOW  LEVEL  (-9  dB  attenuation). 


dBA 

dBD 

dBE 

PNL 

PL6 

PL7 

OVER- 

PRESSURE 

psf 

i 

75.50 

88.24 

85.90 

92.94 

91.63 

83.36 

1.70 

2 

68.38 

83.01 

78.04 

82.09 

82.16 

74.73 

0.57 

3 

72.84 

84.61 

82.05 

87.22 

85.86 

77.62 

0.87 

4 

70.51 

84.40 

80.57 

85.64 

84.15 

76.28 

0.72 

S 

7b. 18 

89.11 

85.01 

89.68 

87.87 

81.18 

1.10 

6 

75.61 

88.87 

85.68 

91.06 

89.30 

81.84 

1.30 

7 

73.46 

85.86 

83.21 

88.34 

86.81 

79.07 

0.97 

8 

72.74 

88.35 

83.38 

89.76 

88.50 

79.04 

1.18 

9 

69.85 

85.10 

80.49 

86.50 

85.27 

75.90 

0.82 

10 

71.53 

86.34 

81.94 

88.27 

87.21 

78.39 

1.02 

11 

71.51 

83.41 

80.39 

85.99 

84.73 

76.87 

0.77 

12 

71.98 

82.84 

80.47 

87.78 

86.75 

78.39 

0.97 

MEAN  72.4  8?. 8 82.3  87.9  86.7  78.6  1.00 
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FIGURE  4-1.  Fwirter  Transform  - Family  10 
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5.  HUMAN  RESPONSE  RESULTS 

As  suggested  in  section  2.  3.,  "Dependent  Measures",  estab- 
lishing a threshold  of  acceptability  for  commercial  aircraft  sonic 
booms  would  emphasize  category  scaling  but  from  several  points 
of  view.  Thusly,  this  section  is  reported  in  three  parts.  The 
first  part  summarizes  the  results  from  the  Daily  Noise  Schedule 
category  types  of  items,  the  second  part  gives  the  results  of  the 
Weekly  Noise  Schedule,  while  the  third  part  presents  the  results 
based  on  the  Magnitude  Estimation  Judgments  from  item  "B"  of 
the  Daily  Noise  Schedule. 

5.  1.  Daily  Noise  Schedule  Results 


For  the  questions  that  required  a "Yes"  or  "No"  response,  re- 
sults are  given  in  Table  5-1  as  percent  responding  "Yes"  to  a par- 
ticular question.  Going  over  the  first  question  in  detail  will  make 
the  table  clearly  understandable.  The  first  column  provides  the 
number  of  the  question  while  the  second  column  gives  the  question. 
For  the  first  question  we  have,  "Did  any  of  the  sounds  . . . startle 
you?"  The  next  seven  columns  provide  percent  of  responses  that 
were  "Yes"  for  the  various  described  conditions.  Average  boom 
levels,  based  on  all  homes,  are  given  using  Stevens'  Mark  VI  cal- 
culation procedure  for  determining  loudness  level  and  thusly  de- 
scribe Conditions  A,  B,  and  C with  30  booms  per  day  and  Conditions 
D and  E where  there  were  15  booms  per  day  ?t  the  middle  and  low 
levels.  The  next  to  last  column  gives  the  average  percent  for  the 
three  conditions  with  30  booms  per  day  while  the  last  column  pro- 
vides the  percent  of  "Yes"  answers  based  on  all  five  conditions. 

The  intent  for  the  last  two  columns  is  to  permit  relatively  ea.; 
comparisons  among  the  various  questions.  For  the  startle  question, 
some  68%  reported  that  they  were  startled  by  the  high  level  boom 
(95.  6 dB(Mark  VI) ) when  presented  30  times  per  day.  For  the  mid- 
dle level  boom  (90.  7 dB(Mark  VI)),  the  percent  reporting  startle 
drops  to  49%.  With  the  level  at  86.  7 dB(Mark  VI)  and  number  of 
booms  remaining  at  30  per  day,  some  30%  report  that  they  are 
startled  by  this  low  level  signal.  When  the  number  of  booms  is  re- 
duced to  fifteen  for  the  middle  and  low  levels,  the  percent  of  re- 
sponses i9  further  reduced  to  30%  and  17%  respectively.  For  the 
next  to  last  column  which  gives  the  percent  of  "Yes"  answers  based 
on  all  three  levels  with  30  booms  per  day,  53%  of  the  total  reported 
being  startled  while  46%  reported  "startle"  based  on  all  five  condi- 
tions. It  is  concluded  that  "startle"  is  decreased  as  both  level  and 
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TABLE  5-1 . Summary  of  responses  to  Daily  Noise  Schedule 
(percent  responding  "Yes"  to  question). 


Stevens ’ 

30  BOOMS 

OUESTION  MARK  VH 

95.6 

90.7 

86.7 

Startle  you? 

68 

49 

42 

Keep  you  from  going  to 
sleep? 

4 

3 

0 

Wake  you  up? 

31 

32 

22 

Interfere  with  listening  to 
TV,  radio,  records,  or 
tapes? 

10 

7 

Make  the  TV  picture 
flicker? 

•9 

1 

1 

Make  the  house  vibrate 
or  shake? 

76 

73 

29 

Interfere  with  conver- 
sation? 

35 

21 

| 

13 

1 

Interfere  with  a telephone 
conversation? 

16  i 

11 

6 

If  "NO" , Did  any  noises 
occur  while  using  the 
phone? 

51 

48 

43 

Disturb  your  rest  or 
relaxation? 

18 

18 

6 

Interfere  with  or  disturb 
any  other  activity? 

16 

10 

9 

Bother,  annoy,  or  disturb 
you  In  any  other  way? 

12 

5 

3 

In  respect  to  your  child  (childre 

:n) , was  U 

any  indication  that  the  sounds  . 

Startled  him  (her)  (them)? 

1 1 
bl 

1 --  1 
! 6Z 

1 --  1 
Z.1 

Kept  from  going  to  sleep? 

16 

14 

4 

Awakened  him  (her)  (them)? 

25 

23 

14 

Interfered  with  or  dis- 
turbed any  other  activity? 
(Recorded  two) 

10 

11 

13 

Were  there  other  sounds 
which  you  heard  In  your 
home  that  bothered  or  an- 
noyed you  as  much  as  the 
sounds  we  played? 

26 

4 

12 

Any  sounds  that  bothered 
you  more  than  the  sounds 
we  played? 

31 

30 

39 

0 I 11 
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number  are  reduced  and  that  of  the  eighteen  questions  of  TabLe 
5-1,  Al,  A6,  and  A8a  tended  to  produce  a larger  percent  of  "Yes" 
responses  than  the  remaining  fifteen  questions  (note  results  in 
last  two  columns). 

Turning  to  the  results  for  the  remaining  items  of  Part  A,  items 
2 through  11,  for  item  2,  there  is  only  a slight  tendency  for  the 
booms  to  keep  the  main  participant  (the  wife)  from  going  to  sleep. 
This  is  not  surprising  as  the  booms  were  presented  during  the  day- 
time period  only.  To  item  3,  there  was  an  increased  tendency  to 
be  awakened  by  the  booms  over  interference  with  going  to  sleep 
(item  2)  but  this  decreased  to  10%  for  both  the  middle  and  low  level 
booms  when  presented  fifteen  times  per  day.  Note  that  both  the 
high  and  middle  level  booms  when  presented  thirty  times,  provoked 
approximately  the  same  extent  of  waking  response,  roughly  30%. 

For  items  4 and  5 of  part  A,  percent  was  at  a low  level  for 
those  reporting  interference  with  listening  activities  such  as  TV  or 
radio,  and  making  the  TV  picture  flicker.  Nine  percent  reported 
flickering  of  the  television  picture  for  the  high  level  booms  which 
was  unexpected. 

The  highest  response  level  was  to  item  6,  which  solicited  in- 
formation relative  to  whether-or-not  the  booms  caused  the  house 
to  vibrate  or  shake.  Seventy  to  seventy-six  percent  responded 
that  the  booms  caused  the  house  to  vibrate  or  shake  when  presented 
at  the  middle  or  high  levels  and  regardless  of  the  number  of  booms 
presented.  Approximately  30%  reported  house  vibration  and  shak- 
ing as  a result  of  the  low  level  booms  (86.  7 dB(Mark  VI) ).  From 
the  point  of  view  of  obtaining  evidence  that  we  were  utilizing  a 
realistic  simulation  approach,  the  high  percen*-?ge  of  participants 
reporting  house  vibration  and  shaking  phenomena  was  gratifying. 
However,  this  resu’t  is  not  particularly  useful  when  exercising  the 
problem  of  establishing  a threshold  of  acceptability  for  sonic 
booms.  The  fact  that  the  booms  caused  the  house  to  shake,  does 
not  necessarily  mean  that  the  noise  or  the  shaking  of  the  house  are 
particularly  disturbing  to  the  participant.  Fortunately,  results 
relevant  to  how  much  the  house  vibrations  annoyed  or  disturbed 
are  available  from  the  Weekly,  Noise  Schedule  and  will  be  presented 
in  its  section. 

The  next  three  items  (A7,  8,  and  8a)  deal  with  interference 
with  speech  activities.  The  high  level  booms  (95.6  dB(Mark  VI)) 
produced  interference  with  conversation  for  35%  of  the  wives  while 
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the  middle  and  low  level  booms  provided  zero  and  10%  interference 
respectively  for  the  two  conditions  using  fifteen  booms  per  day. 

The  10%  interference  for  the  low  level  over  the  0%  for  the  middle 
level  is  one  of  the  few  anomalies  observed  in  the  results.  Conse- 
quently, we  look  on  it  as  just  that,  an  unusual  occurrence  due  to 
chance  or  error  and  conclude  that  from  the  standpoint  of  NOT  in- 
terfering with  conversation  that  either  the  middle  or  low  level  is 
acceptable  when  presented  fifteen  times  per  day.  Interference 
with  telephone  use  wan  minimal.  It  was  at  a sixteen  percent  level 
for  the  high  level  booms  and  dropped  off  to  zero  for  the  middle  and 
low  level  booms  when  presented  fifteen  times  per  day.  Question  8a 
is  the  only  question  where  a high  percent  has  a positive  meaning. 

Our  interest  was  in  whether-or-not  the  participants  were  using  the 
telephone  at  the  time  that  a boom  signal  was  presented.  Consequent- 
ly, for  those  responding  "No"  to  8 (interfere  with  a telephone  con- 
versation), we  asked  them  if  they  were  talking  on  the  telephone  at 
the  time  that  a signal  presented  itself.  The  percents  to  8a  provide 
information  regarding  those  who  were  using  the  telephone  at  the 
time  a boom  occurred  but  the  boom  did  not  interfere  with  the  con- 
versation. Using  the  results  for  the  high  level  boom  as  an  example: 


- Sixteen  percent  reported  that  they  were  using  the 
telephone  at  the  time  a boom  occurred  and  that 
the  boom  interfered  with  their  telephone 
conversation. 

- Fifty-one  percent  reported  that  they  were  using 
the  telephone  at  the  time  a boom  occurred  and 
the  boom  DID  NOT  interfere  with  their  tele- 
phone conversation. 

- This  would  mean  that  thirty-three  percent  did 
not  use  the  telephone  at  the  time  that  booms 
occurred. 


The  last  three  questions  of  part  A (questions  9,  10,  and  11) 
can  be  discussed  as  a group.  Question  9 deals  with  interference 
with  rest  and  relaxation.  There  is  minor  disturbance  reported 
for  the  low  level  booms  for  either  30  or  15  daily  presentations 
(6%  and  3%  respectively)  as  well  as  for  the  middle  level  boom  when 
presented  15  times  per  day  (7%  report  disturbance).  Items  10  and 
11  provide  an  opportunity  to  report  interference  or  annoyance  with 
activities  not  given  in  the  preceeding  questions.  It  is  clear  that 
interference  with  activities  that  persons  are  expected  to  recall  is 
minimal  and  particularly  for  the  low  level  boom  presented  fifteen 
times  daily.  Some  of  the  activities  reported  for  these  two  items 
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were  reading,  ironing,  eating,  playing  games,  sewing,  and  so  on. 

Part  C of  the  Daily  Noise  Schedule  requested  the  main  partici- 
pant to  rate  their  children  on  four  items  (See  Table  5-1).  For  the 
high  level  boom,  51%  rated  their  children  as  being  startled  by  the 
booms  while  at  the  low  level  (86.  7 dB(Mark  VI))  presented  15 
times  per  day,  only  3%  noticed  that  the  children  were  startled  by 
the  booms.  Note  that  adults  reported  a greater  startle  response  for 
themselves  than  for  their  children  (compare  A1  results  to  Cl  re- 
sults). For  all  four  items  relative  to  the  children,  it  is  clear  that 
the  low  level  boom  presented  fifteen  times  per  day  would  be  con- 
sidered in  an  acceptable  range. 

The  two  questions  in  part  F attempted  to  obtain  information 
relative  to: 

1.  Were  there  other  sounds  in  the  home  that  bothered 
or  annoyed  as  much  as  the  booms  ? 

2.  Any  sounds  which  bothered  or  annoyed  more  than 
the  booms  ? 

As  can  be  observed  from  the  results  in  Table  5-1,  question  1 did 
not  elicit  an  expected  sequence  of  responses.  As  the  booms  de- 
crease in  level,  we  would  expect  the  number  of  other  noises  that 
bothered  or  annoyed  as  much  as  the  booms  to  increase.  This  did 
not  occur.  One  possibility  is  that  it  was  difficult  for  the  subjects 
to  rate  other  noises  in  the  home  as  being  as  equally  bothersome  or 
annoying  as  the  booms.  It  is  quite  possible  that  we  asked  a ques- 
tion that  was  too  difficult.  On  the  other  hand,  the  results  to  F2 
are  less  inconsistent,  for  the  low  level  booms  at  both  30  and  15 
daily  presentations,  the  percent  of  noises  in  the  home  that  were 
more  annoying  increased  as  expected.  The  main  point  is  that  at 
least  30%  of  the  subjects  reported  noises  in  the  home  that  were  more 
annoying  than  even  the  high  level  booms.  This  topic  will  be  dis- 
cussed more  fully  in  the  next  section  and  examples  of  sounds  that 
were  more  annoying  than  the  booms  will  be  given. 

Table  5-2  gives  the  main  participants'  ratings  on  a five-point 
scale.  The  results  are  encouraging  in  that  some  92%  find  the  mid- 
dle level  boom  as  "Moderately,  Very  little,  or  Not  at  all"  annoy- 
ing when  presented  30  times  a day  and  the  percent  increases  to  97% 
for  the  middle  level  at  15  booms  per  day.  Accepting  this  result  at 
at  its  face  value,  one  could  comfortably  contend  that  booms  at  a 
level  of  approximately  90  dB(Mark  VI),  as  experienced  in  the  home, 
would  be  acceptable  for  single  family  living. 
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’ABLE  5-2.  Summary  of  responses  to  Question  D of  Pally 
Noise  Schedule  (percent  responding  to  vari- 
ous categories). 


D.  Now  I would  like  for  you  to  rate  the  sounds  on  a 
5-polnt  scale  as  to  how  much  they  annoyed  or  dis- 
turbed you? 


HOW  MUCH  DID  THE 
SOUNDS  ANNOY  YOU? 

30  BOOMS  PER  DAY 

15  BOOMS  | 

95.6 

90.7 

86.7 

90.7 

86.7 

a.  Almost  Intolerable 

D 

1 

0 

0 

0 

b.  Very  Much 

16 

a 

0 

3 

0 

c.  Moderately 

29 

26 

10 

30 

0 

d.  Very  Little 

36 

41 

40 

40 

50 

e.  Not  At  All 

15 

25 

50 

27 

50 

TabLe  5-3  gives  the  results  to  Part  E of  the  Daily  Noise  Sche- 
dule. If  persons  rated  the  booms  as,  "Almost  intolerable.  Very 
much  annoying,  or  Moderately  annoying"  in  Part  D,  they  were  asked 
to  give  the  time  of  day  that  they  were  annoyed.  There  was  interest 
in  the  idea  that  there  may  be  greater  annovance  to  the  signals  in 
the  evening  when  families  are  presumably  relaxing  and  resting. 
Examination  of  Table  5-3  shows  that  such  a situation  did  not  occur. 
When  results  of  the  first  three  categories  of  Table  5-i  are  divided 


TABLE  5-3.  Breakdown  by  time  periods  of  percents  annoyed 

(Part  E oT  Daily  Noise  Schedule). 


30  ROOMS  PER  DAY 

15  BOOMS  PER  DAY  j 

95.6 

90.7 

86.7 

90.7 

86.7  | 

+M 

A 

E 

M 

A 

E 

M 

a 

m 

M 

A 

E 

M 

A 

E 

fill 

D 

3 

1 

1 

0 

n 

a 

0 

O 

0 

0 

0 

0 

0 

0 

D 

6 

6 

5 

0 

2 

0 

0 

0 

3 

0 

0 

0 

0 

0 

Moderatel y 
Annoyed 

10 

9 

10 

12 

5 

8 

7 

l 

2 

13 

13 

4 

0 

0 

0 

* M means  Mornina  (0700-1200) 
A " Afternoon  (1200-1700) 
E " Fvenina  (1700-2200) 
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into  morning,  afternoon,  and  evening  time  periods  as  shown  in 
Table  5-3,  the  persons  reported  litt Le  difference  between  the  periods 
and,  if  anything,  tended  to  report  more  annoyance  during  the  morn- 
ing period  when  compared  to  both  afternoon  and  evening. 

5.2  Weekly  Noise  Schedule  Results 

The  combined  responses  of  both  adult  members  of  the  family 
are  given  in  Table  5-4.  The  percents  are  for  those  responding  "Yes" 
to  the  various  questions.  The  results  are  in  the  same  format  as 
those  from  the  Daily  Noise  Schedule  and  the  two  sets  can  be  directly 
compared.  As  for  the  daily  schedule,  the  two  questions  which  dom- 
inate relative  to  possible  unacceptability  are,  Al.  which  asks  whe- 
ther-or-not  the  booms  produced  startle,  and  A6.  which  asks  if  the 
booms  make  the  house  vibrate  or  shake.  For  the  startle  question, 
there  is  a slightly  increased  tendency  to  report  startle  on  the  weekly 
schedule.  If  we  look  at  the  sequence  of  results  by  conditions  (left  to 
right)  from  the  daily  schedule,  they  are:  68,  49,  42,  30  and  17% 
respectively.  The  corresponding  results  for  the  weekly  schedule 
are:  67,  56,  47,  30,  and  30%.  A comparison  of  responses  to  A6 
shows  76,  73,  29,  70,  and  30%  for  the  reporting  sequence  of  the  five 
conditions  from  Table  5-1  (daily  schedule),  while  the  same  sequence 
of  conditions  for  the  weekly  schedule  is,  93,  81,  47,  60,  and  30%. 
More  house  vibration  and  shaking  is  reported  on  a weekly  basis,  par- 
ticularly for  the  three  conditions  with  30  daily  boom  presentations. 
The  results  presented  in  Table  5-4  can  be  examined  in  more  detail 
but  the  more  important  question  is  the  extent  that  the  persons  were 
annoyed  or  disturbed  by  being  startled,  noticing  that  the  house  was 
made  *o  shake,  and  so  on. 

Ratings  on  a five-point  scale  for  those  who  responded  "Yes"  to 
the  items  of  Part  A are  given  in  Table  5-5.  If  the  participant  indi- 
cated some  interference  or  disturbance  relative  to  one  of  the  eleven 
items  of  Part  A,  they  were  then  asked  to  rate  extent  of  annoyance 
resulting  from  the  interference  or  disturbance  using: 

a.  Almost  Intolerable 

b.  Very  Much 

c.  Moderately 

d.  Very  Little 

e.  Not  At  All 

The  percents  of  Table  5-5  are  for  these  five  categories.  Since  no 
participant  utilized  "a.  Almost  Intolerable"  for  any  of  the  items  rela- 
tive to  the  five  conditions  studied,  this  category  is  not  listed  in  the 
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TABLE  5-4.  Summary  of  responses  to  Weekly  Noise  Schedule 
(percent  resoondina  "Yes”  to  question). 


NO. I OUESTION 


A1 . Startle  you?  6/  56 

2.  Keep  you  from  goinq  to  136 

sleep? 

3.  Wake  you  up?  tl  25 

4.  Interfere  with  listening  to  20 
TV,  radio,  records,  or 
tapes? 

5.  Make  the  TV  picture  n 

flicker? 

6.  Make  the  house  vibrate 
or  shake? 


30  BOOMS  15  BOOMS 


Stevens'  „ , _ , _ I AV.%  I AV.% 

MARK  VI-*-  95.6190.7  86.7  90.7  86.7130  B00MSI  ALL 


67  56  47  30  30 


7.  Interfere  with  conver-  27 

sation? 

8.  Interfere  with  a telephone  13 

conversation? 

8a.  If  "NO",  Did  any  noises 
occur  while  using  the 
phone? 

9.  Disturb  your  rest  or 
relaxation? 

Interfere  with  or  disturb 
any  other  activity? 

Bother,  annoy,  or  disturb 
you  in  any  other  way? 


Were  there  other  sounds 
which  you  heard  in  your 
home  that  bothered  or  an- 
noyed you  as  much  as  the 
sounds  we  played? 

Any  sounds  that  bothered 
you  more  than  the  sounds 
we  played? 


0 0 


20  10 
0 10 


0 6 13  in 


93  81  47  I 60  30 


27  19  20  10  0 


0 0 


0 10 


10  0 


10  I 0 


18  18  20  40  40 


55  45  70  | 80  80 


4 


table.  The  "No"  rows  of  TabLe  5-5  provide  the  percents  of  persons 
reporting  no  interference  or  disturbance. 

Breaking  down  the  67%  (question  1 ) that  reported  a startle  re- 
sponse to  the  30  daily  presentations  of  booms  at  95.  6 dB(Mark  VI), 

Z0%  were  "Very  much  annoyed",  Z7%  were  "Moderately  annoyed", 

20%  reported  that  they  were  "Not  at  all  annoyed",  and  the  remaining 
33%  reported  "No"  startle.  The  remaining  four  conditions  can  be 
examined  in  the  same  manner.  Note  that  for  Condition  C (30  booms 
per  day  at  86.  7 dB(Mark  VI) ) that  no  one  reports  being  "Very  much 
annoyed"  by  being  startled  and  ?0%  only  are  "Moderately  annoyed". 
When  the  86.  7 dB(Mark  VI)  boom  frequency  is  decreased  to  15  daily 
exposures,  we  find  that  10%  only  are  moderately  annoyed  by  their 
startle  response,  20%  report  very  little  annoyance,  and  70%  show 
no  startle  response.  Results  to  this  item  ( 1 ) show  that  reporting 
startle  does  not  mean  that  a person  is  very  much  annoyed  or  disturbed 
by  being  startled.  The  results  also  indicate  that  an  average  boom 
level  of  86.  7 dB(Mark  VI)  occurring  15  times  per  day  could  be  ac- 
ceptable from  the  standpoint  of  experiencing  startle. 

Responses  to  questions  2 through  5 , which  deal  with  inter- 
ference with  sleep,  interference  with  listening  activities,  and  flick- 
ering of  the  television  picture,  show  little  negative  implications. 

If  one  were  to  choose  an  indoor  design  criteria  level  based  entirely 
on  these  items,  a very  good  case  could  be  made  for  using  the  95.  6 
dB(Mark  VI)  level  with  30  daily  presentations.  At  most,  7%  respond- 
ed that  they  were  "Very  much"  annoyed  to  interference  with  these 
activities  and  as  level  was  decreased,  annoyance  decreased. 

Question  6 , which  inquires  whether-or-not  the  booms  caused 
house  vibration  or  shaking  deserves  careful  scrutiny  since  some 
93%  responded  "Yes"  for  the  high  level  booms  presented  30  times 
per  day.  Of  these  93%,  13%  reported  being  "Very  much"  annoyed, 

3%  were  "Moderately"  annoyed,  73%  were  "Very  little"  annoyed, 
and  3%  used  the  "Not  at  all"  annoyed  category.  Thusly,  only  16% 
were  "Very  much"  or  "Moderately"  annoyed  by  the  observed  house 
shaking  of  the  high  level  booms.  The  percents  drop  as  boom  level 
is  decreased  until  for  the  low  level  boom  presented  15  times  per  day, 
30%  noticed  that  the  booms  shook  the  house  but  all  were  only  "Very 
little"  annoyed  by  this  experience. 

Questions  7 through  11  , as  with  questions  Z through  5 , 
have  but  slight  negative  implications.  At  most,  7%  of  the  partici- 
pants are  "Very  much"  annoyed  if  there  were  interference  with  any 
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ARLF  5-5.  Percents  ■For  annoyance  cateaories  from  Weekly  Noise  Schedule. 
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of  these  activities  and  all  of  these  responses  involve  the  high  Level, 
booms  presented  30  times  per  day. 

Items  comparable  to  the  first  nine  items  of  Part  A have  been 
used  extensively  in  American  social  survey  investigations  involving 
annoyance  to  aircraft  noise  (Ref.  5-1,  p.  6).  As  for  the  five-point 
category  scale  utilized  for  this  study,  each  item  could  be  scored  in 
intensity  of  reported  annoyance  from  1 to  5,  leading  to  a maximum 
annoyance  score  of  45.  Obtained  scores  were  given  the  following 
meaning  (Ref.  5-1): 

1 to  9 equals  no  annoyance, 

- 10  to  20  equals  moderate  annoyance,  and 

- 21  and  greater  equals  high  annoyance. 

Table  5-6  gives  the  mean  and  range  of  scores  for  these  first  nine 
items  for  both  husband  and  wife  and  for  each  of  the  five  experiment 
conditions.  None  of  the  mean  scores  is  greater  than  nine  so,  on  the 
average,  it  could  be  concluded  that  our  participants  were  not  mark- 
edly annoyed  by  any  of  the  experiment  conditions. 


TABLE  5-6.  Mean  and  ranqe  of  scores  on  Weekly 
annoyance  test  (9  items). 


Stevens'  Mark  VI— ► 

30  BOOMS  PER  DAY 

1 5 BOOMS  | 

95.6 

90.7 

86.7 

90.7 

86.7 

Husband 

MEAN 

RANGE 

7.6 

2-2B 

4.0 

1-7 

2.2 

1-7 

1.6 

0-4 

1.6 

0-6 

Wife 

MEAN 

RANGE 

6.8 

4-9 

7.1 

2-12 

5.4 

0-13 

3.8 

0-7 

2.6 

0-9 

As  pointed  out  in  the  discussion  concerning  questions  FI  and  F2 
when  used  with  the  wives  in  the  Weekly  Noise  Schedule,  the  responses 
to  FI  were  not  consistent.  It  was  concluded  that  asking  persons  to 
rate  other  noises  in  the  home  that,  "bothered  or  annoyed  you  as 
much  as  the  sounds  we  played?",  was  too  difficult.  Consequently, 
we  will  examine  only  the  responses  to  question  F2  which  asked  the 
husbands  if,  "any  sounds  bothered  you  more  than  the  sounds  we 
played?  . Based  on  the  Daily  Noise  ScheduLe,  to  F2,  wives  reported 
31,  30,  39,  17,  and  30  percent  for  the  five  respective  conditions  while 
husbands  reported  55,  45,  70,  80,  and  80  percent  for  the  five  condi- 
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tions,  respectively,  but  when  questioned  on  a weekly  basis.  Even 
though  the  husbands  were  in  the  nome  less  time  than  the  wives,  thev 
clearly  found  more  noises  in  the  home  that  bothered  them  more  than 
the  booms  than  did  the  wives.  For  the  high  level  booms  presented 
thirty  times  per  day,  55%  of  the  husbands  noticed  noises  that  were 
more  annoying  than  the  booms  while  the  wives  were  at  31%.  For 
the  middle  and  low  level  booms  presented  fifteen  times  per  day,  some 
80%  of  the  husbands  reported  that  there  were  noises  in  the  home  that 
bothered  them  more  than  the  booms.  Some  of  the  situations  and 
noise  sources  that  bothered  more  than  the  booms  were,  children- 
crying-fighting-screaming,  rock  music,  leaky  faucet,  dishwasher, 
refrigerator,  clothes  dryer,  cars,  motorcycles,  neighbor's  hi-fi, 
neighbors,  and  phone  ringing.  It  is  clear  that  for  many  persons, 
routine,  everyday  noise  events  bother  or  annoy  more  than  the  booms 
presented. 

The  final  three  questions  related  to  design  and  certification 
noise  criteria  for  commercial  supersonic  aircraft  are  of  a broader 
nature  and  require  a prediction  on  the  part  of  the  participants.  The 
three  questions  and  responses  to  them  are  given  in  Table  5-7.  If 
all  participants  were  to  respond  "Yes-Yes-No"  respectively,  it 
could  be  concluded  that  that  particular  condition  could  be  perfectly 


TABLE  5-7.  Percent  responding  "YES"  to  three  key  weekly  items. 


If  the  sounds  you  were  exposed  to  this  week  were  to  continue 
indefinitely  in  your  neighborhood,  . . . 


3D  BOOMS  PER  DAY 

15  BOOMS  j 

Stevens 

Mark  VI— ► 

95.6 

90.7 

86.7 

90.7 

86.7 

HUSBAND 

36 

73 

80 

80 

80 

Would  thev  be  ac- 
ceptable to  you? 

WIFF 

18 

70 

60 

80 

80 

TOTAL 

27 

71 

70 

80 

SO 

HUSBAND 

64 

91 

90 

80 

100 

Could  vou  learn  to 
live  with  them? 

WIPE 

6A 

70 

90 

80 

100 

TOTAL 

64 

81 

90 

80 

100 

Would  vou  move 

HUSBAND 

45 

27 

20 

20 

-0- 

to  another 
nei  ahborhnnri? 

WIFE 

82 

20 

20 

20 

-0- 

TOTAL 

f)4 

24 

20 

20 

-0- 
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acceptable.  For  the  low  level  boom  presented  15  times  per  day,  ail 
persons  did  report  that  they  could  learn  to  live  with  the  booms  and 
that  they  would  not  move  if  the  booms  were  to  continue  indefinitely 
in  their  neighborhood.  For  the  first  question,  some  20%  reported 
that  they  would  not  find  these  low  level  booms  acceptable  if  they  con- 
tinued indefinitely  in  their  neighborhood.  Although  perfection  was 
not  achieved  relative  to  these  three  items,  the  responses  do  indicate 
that  indoor  booms  at  86.  7 dB(Mark  VI)  are  very  close  to  being  ac- 
ceptable to  persons  living  in  single  family  housing. 

The  final  set  of  data  from  the  Weekly  Noise  Schedule  involves 
estimates  that  both  husbands  and  wives  made  of  how  many  booms  that 
they  experienced  for  each  condition.  As  expected,  the  wives  re- 
ported hearing  more  booms  than  did  the  husbands  since  they  would 
be  in  the  home  a greater  part  of  the  time.  As  shown  in  Table  5-8, 
for  the  30  booms  per  day  conditions,  the  average  expe;  . >nced  did  not 
approach  the  actual  number  of  210  booms  that  were  presented.  Also, 
there  was  little  relationship  between  number  presented  and  the  esti- 
mates of  how  many  were  experienced.  Note  that  for  the  low  level 
booms  presented  15  times  per  day  that  the  average  number  estimated 
by  the  wives  was  117  booms  while  the  maximum  number  that  any 
could  have  experienced  was  105  booms.  These  results  suggest  the 


TABLE  5-8.  Estimates  of  average  number  of 
booms  heard  per  week. 


30  BOOMS  PER  DAY 

15  BOOMS  | 

95.6 

90.7 

86.7 

90.7 

86.7 

HUSBAND 

44 

39 

51 

37 

44 

WIFE 

134 

97 

96 

93 

117 

conclusion  that  persons’  estimates  of  number  of  noise  intrusions  ex- 
perienced may  be  quite  inaccurate;  unless  one  is  keeping  a tally,  the 
number  of  actual  intrusions  is  not  accurately  recalled. 


5.  3.  Magnitude  Estimation  Results 

As  part  of  the  Daily  Noise  Schedule,  each  of  the  main  partici- 
pants was  asked  to  rate  the  loudness  of  the  booms  experienced  that 
day  using  S.  S.  Stevens'  magnitude  estimation  scaling  method  (see 
Part  B.  of  Daily  Noise  Schedule).  As  mentioned  previously,  these 
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main  participants  were  briefly  trained  prior  to  the  start  of  the  pro- 
gram in  magnitude  estimation  ratings  using  single  event  broad  band 
noise.  For  the  experiment  proper,  each  main  participant  used  the 
booms  experienced  during  the  first  day  of  the  test  as  their  standard 
noise.  This  means  that  four  of  the  subjects  used  the  high  level  booms 
(95.6  dB-Mark  VI)  as  a standard,  four  used  the  middle  level  booms 
(90.  7 dB-Mark  VI),  and  the  remaining  four  persons  used  the  low  level 
booms  (86.  7 dB-Mark  VI)  as  their  standard.  Six  engineering  cal- 
culation procedures  were  obtained  from  the  1 /3-octave  band  and 
fast  Fourier  transform  results  as  described  in  the  preceeding  sec- 
tion. Least-square,  best-fit  relationships  between  each  engineering 
calculation  procedure  and  the  mean  log.  magnitude  estimations 
were  obtained;  the  relationships  were  obtained  separately  for  those 
having  the  high  level  booms  as  a standard,  those  using  the  middle 
level  booms,  and  the  four  persons  using  the  low  level  booms  as  a 
standard.  Rates  of  change  of  loudness  were  obtained  for  the  three 
30-boom  conditions  on  the  basis  of  an  average  rate  of  change  of  those 
obtained  from  the  three  magnitude  estimation  conditions  (high  level 
boom  as  standard,  middle  level  boom  as  standard,  and  low  Level 
boom  as  standard).  Using  this  mean  rate  of  change  for  loudness  and 
correcting  each  intercept  so  that  the  mean  value  of  the  engineering 
calculation  procedure  was  equal, to  the  mean  magnitude  estimation 
score,  an  equation  based  on  all  twelve  main  participants  was  ob- 
tained. Lines  representing  the  six  equations  are  given  in  Figure 
5-A,  and  the  equations  relating  the  six  engineering  calculation 
procedures  are  presented  in  Table  5-9. 

The  equations  relating  the  magnitude  estimation  judgments  to 
the  various  engineering  calculations  procedures  are  based  on  the 
three  30  booms  per  day  conditions  only.  The  main  interest  in  these 
results  is  the  rate  of  change  of  loudness  plus  the  relationships  among 
the  various  engineering  calculation  procedures.  Obtaining  an  accu- 
rate estimate  of  the  rate  of  change  of  loudness  has  high  utility;  if 
the  rate  of  change  is  relatively  slow,  some  increase  in  boom  levels 
over  a threshold  would  not  'be  as  apparent  as  if  the  rate  of  change 
of  loudness  was  on  the  fast  side.  The  relationships  among  the  var- 
ious calculation  procedures  is  important  since  if  the  correlations 
are  high,  standards  can  be  set  in  terms  of  the  calculation  procedure 
that  is  the  most  economical  and  easiest  to  apply. 

For  the  six  engineering  calculation  procedures  investigated, 
rate  of  change  varies  from  1Z.  0 dB  for  dBA  and  PL^  to  1Z.  9 dB 
using  PL7  for  doubling  or  halving  Loudness.  These  are  definitely 
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TABLE  5-9,  Equations  relating  mean  log  mag- 
nitude estimations  to  various 
engineering  calculation  procedures 


* Stevens’  Hark  VI  **  Stevens'  Mark  VII 


on  the  slow  side  and  for  the  most  part  can  be  attributed  to  those  per- 
sons who  were  using  the  high  level  booms  as  their  standard.  On  the 
other  hand,  rates  of  change  using  only  the  two  points  obtained  from 
the  two  fifteen  boom  per  day  conditions  were  5 to  6 dB  for  doubling 
or  halving  loudness.  No  definite  conclusions  can  be  drawn  from 
these  results  but  they  do  raise  the  possibility  that  rate  of  change  in 
this  real  life  setting  interacts  with  number  of  booms  presented. 
Loudness  could  increase  faster  for  a lesser  number  of  booms  when 
persons  are  involved  in  their  daily  living  activities. 

The  relationships  among  the  various  engineering  calculation  pro- 
cedures are  given  in  Table  5-10.  Results  indicate  that  all  of  the 
methods  which  depend  on  spectral  characteristics  are  highly  related 
and  could  function  about  equally  well  in  establishing  sonic  boom  stan- 
dards. s 


TABLE  5-10.  Product-moment  correlations  a- 
mong  various  engineering  cal- 
culation procedures. 


dBD 

dBE 

PNdB 

PI-6 

PL7 

dBA 

.944 

.989 

.976 

.963 

.988 

dBD 

.976 

.954 

.951 

.953 

dBE 

.986 

.977 

.990 

PNL 

.996 

.987 

PL6 

.979 
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6.  RESULTS  AND  FINDINGS  FROM  PREVIOUS  STUDIES 


When  drawing  conclusions  from  an  experiment  that  has  an 
objective  of: 

Establishing  a threshold  of  acceptability 

for  commercial  aircraft  sonic  booms, 

there  is  high  value  in  examining  results  from  other  human  response 
studies  as  a means  of  checking  on  or  confirming  the  obtained  con- 
clusions. Since  this  present  study  is  a first  in  that  it  utilized  a real 
Life  environment  {families  living  in  their  homes)  in  conjunction  with 
a controlled  simulation  approach,  there  are  no  studies  which  are 
comparable  in  even  a general  sense.  From  the  standpoint  of  com- 
parability, the  studies  that  are  closest  to  the  present  one  are  those 
that  utilized  a social  survey  approach  in  conjunction  with  overflights 
of  military  supersonic  aircraft  such  as  those  completed  in  the  1960's 
in  the  Oklahoma  City  and  St.  Louis  areas  (References  6-1  and  6-2). 
However,  the  facts  that  only  estimated  overpressures  are  given  as 
measures  of  the  boom  levels,  that  number  of  booms  per  day  varied 
unsystematically  (1  to  6 for  the  St.  Louis  study),  that  the  boom  sig- 
natures from  military  aircraft  are  not  necessarily  comparable  to 
those  expected  from  advanced  commercial  supersonic  aircraft,  and 
that  the  interviewees  could  have  been  preconditioned  in  the  sense 
that  they  were  expecting  a negative  experience  (sonic  booms),  clear- 
ly indicates  that  comparisons  should  be  made  cautiously.  Table  6-1 
gives  results  from  the  St.  Louis  study  (Ref.  6-2)  for  some  inter- 


TABLE  6-1.  Comparison  of  percents  reporting  interference  only  for 
St.  Louis  study  (0  to  4 miles,  Av.PSF=1.60)  and  high 
level  boom  condition  (95.6  dB-Mark  VI). 


NO. 

ACTIVITY  INTERFERENCE 

ST. LOUIS 
RESULTS 

DAILY 

RESULTS 

WEEKLY 

RESULTS 

Al. 

Startled 

72 

68 

67 

3. 

Sleep  interrupted 

52 

31 

27 

4. 

Radio  and  television 

18 

10 

20 

6. 

House  shaking 

89 

76 

93 

7. 

Conversation  interrupted 

26 

35 

27 

9. 

Rest  and  relaxation  interrupted 

28 

18 

7 

-*  c 

ference  type  of  items  that  were  also  used  in  the  present  study  plus 
results  to  those  same  items  for  the  high  level  boom  condition  using 
both  the  Daily  and  Weekly  Noise  Schedule.  Although  the  acoustical 
characteristics  of  the  booms  in  the  homes  of  the  St,  Louis  interview- 
ees could  have  been  and  probably  were  markedly  different  from 
those  for  the  present  study,  some  of  the  results  are  quite  similar. 

For  both  "startled'’  and  "house  shaking",  results  are  close  for  the 
two  studies.  Seventy-two  percent  of  those  exposed  to  the  military 
aircraft  booms  reported  startle  interference  while  68%  and  67%  re- 
ported a startle  reaction  for  the  Daily  and  Weekly  Noise  Schedule 
interviews.  "House  shaking"  was  89%  for  the  St.  Louis  study,  and 
76%  and  93%  for  the  present  study.  More  "sleep  interrupted",  ap- 
proximately 20%  greater,  was  found  from  the  military  aircraft  booms 
that  for  the  simulated  booms,  but  this  could  be  a result  of  differences 
in  sleeping  times  or  time  of  boom  presentation  between  the  two 
studies.  However,  there  is  enough  similarity  between  these  two  sets 
of  results  to  suggest  that  simulated  booms  can  produce  results  com- 
parable to  those  obtained  from  human  response  studies  involving 
military  aircraft  sonic  booms.  Also,  on  the  basis  of  only  those  re- 
sults presented  in  Table  6-1,  the  exact,  same  conclusion  would  be 
drawn  from  either  study.  The  conclusion  is,  that  the  sonic  booms 
from  the  military  aircraft  and  those  presented  as  the  high  level 
boom  condition  (95.  6 dB-Mark  VI)  are  both  at  too  high  a level  to  be 
regularly  presented  in  dwellings. 

Other  human  response  studies  that  merit  consideration  are 
those  completed  in  laboratory  environments  using  small  chambers 
or  headphones  in  conjunction  with  electronic  simulation  of  the  booms, 
piston-driven  devices  which  simulate  sonic  booms  in  a chamber  or 
room  (Ref.  6-3),  and  a shock-tube  approach  (Ref.  6-6).  Again, 
there  are  many  differences  between  these  studies  and  the  present 
study  which  emphasizes  the  real  life  living  environment.  Also,  many 
of  the  laboratory  studies  were  not  aimed  at  obtaining  a threshold  of 
acceptability  for  design  and  certification  purposes,  but  had  as  their 
objective  the  investigation  of  differences  among  various  boom  para- 
meters such  as  rise  time,  overpressure,  and  wave  forms,  or  the 
study  of  response  sets  such  as  annoyance  vs.  loudness  judgments 
(Ref.  6-4).  Other  studies  compared  boom  levels  to  those  from  sub- 
sonic aircraft  noise  and  thusly  were  not  directed  to  the  problem  of 
obtaining  an  acceptability  threshold  (Ref.  6-3).  A laboratory  study 
which  was  specifically  directed  at  obtaining  an  absoluted  acceptability 
level  involving  100  persons  concluded  that  indoor  booms  at  approxi- 
mately  90  PLdB  using,  P,„R  , „ , Ov„pressure(Psr) 

Rise  Time  (sees.) 
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would  be  acceptable  to  98%  to  100%  of  the  population  (Ref.  6-5). 
Unfortunately,  no  octave  or  1 /3-octave  band  data  is  available  for 
these  simulated  booms  but  the  above  equation  used  to  estimate  per- 
ceived level  in  PLdB  has  provided  levels  that  are  close  to  those 
obtained  from  1 /3-octave  band  data  using  Stevens'  Mark  VI  or 
Perceived  Noise  Level  in  PNdB.  For  example,  using  results  from 
one  study  with  an  outdoor  boom  rise  time  of  8 msec  and  with  1/3- 
octave  band  data  obtained  from  "indoor"  recordings,  provides  the 
levels  for  four  overpressures  of  Table  6-2  (Ref.  6-6,  p.  A-3).  As 
can  be  seen  for  this  range  of  levels,  the  results  based  on  the  above 
equation  are  very  good  estimates  of  both  Mark  VI  and  Perceived 
Noise  Level  in  PNdB.  Since  there  is  no  other  readily  available  ap- 
proach for  estimating  the  boom  level  of  Reference  6-5  so  that  the 
obtained  threshold  of  acceptability  can  be  compared  to  that  of  the 

TABLE  6-2.  Comparison  of  Stevens'  Mark  VI  and  Perceived  Noise 
Level  (PNdB)  to  results  obtained  using  equation  of 
References  6-5  and  6-6. 

(d3A  Levels  are  also  included  for  reference  purposes) 


OUTDOOR 

OVERPRESSURE 

dBA 

STEVENS' 
MARK  VI 

PERCEIVED 
NOISE  LEVEL 
(PNdB) 

EQUATION  OF 
Refs.  6-5  & 6-6 

.4  PSF 

60.7 

73.9 

72.1 

71.5 

.8  PSF 

66.7 

79.0 

78.4 

77.5 

1.6  PSF 

72.7 

84.1 

84.8 

83.5 

3.2  PSF 

78.7 

89.3  . 

91.0 

89.5 

MEAN 

69.7 

81.6 

81.6 

80.5 

present  study,  the  PLdB  of  the  equation  will  be  used  as  the  best 
estimate.  Since  the  boom  level  of  Reference  6-5  that  was  judged 
acceptable  is  quite  close  to  the  boom  level  found  acceptable  in  this 
study,  it  will  be  helpful  to  give  the  instructions  used  for  th*  study 
of  Reference  6-5.  Note  that  the  subjects  are-  rf.eynrr.fi  to  * 

INSTRUCTIONS  FOR  LA  BORA  '£  Oh '(  ri'tUts?  (Kef, 

”1  31X1  g°ing  as k you  to  make  judgments  about  some 
sounds.  Please  judge  each  sound  separately.  For  each 
sound,  think  of  the  sound  occurring  twenty-five  (25)  times 
spread  over  your  daily  waking  hours.  If  you  believe  that 
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„ { ' 


you  would  accept  this  sound  when  experienced  twenty-five 
times  daily,  press  the  button  in  your  right  hand.  If  you 
believe  that  you  would  not  accept  this  sound,  press  the 
button  in  your  left  hand.  Right  hand  means  you  would  ac- 
cept. Left  hand  means  you  would  not  accept.  Remember, 
judge  each  sound  by  itself  or  separately.  Now  I'll  give 
you  two  practice  sounds.  Are  you  all  right?" 

EXPERIMENT  BEGINS 

kind  of  prediction  as  to  whether-or-not  they  could  accept  any  one 
boom  (in  all,  64  booms  were  presented  to  each  of  100  subjects), 
"twenty-five  times  spread  over  your  daily  waking  hours".  For  most 
persons,  this  would  be  less  than  two  booms  per  hour.  However,  it 
must  be  emphasized  that  there  is  a real  difference  between  making 
such  a prediction  for  each  boom  in  a laboratory  setting  as  opposed 
to  actually  experiencing  the  boom  during  their  daily  waking  hours. 
Results  from  Reference  6-5  do  tend  to  support  those  from  the  pre- 
sent study. 

Results  from  a second  laboratory  study  (Ref.  6-6)  using  a 
shock  tube  to  simulate  booms  do  not  confirm  those  from  either  the 
present  study  or  those  of  Reference  6-5  discussed  above.  Using 
twenty-one  subjects  judging  thirty  boom  signals,  approximately 
93%  of  the  judgments  indicated  acceptance  of  an  "indoor"  boom  at 
a level  of  68.  8 dB  using  Stevens’  Mark  VI.  As  for  the  results  of 
Reference  6-5,  again  the  subjects  are  making  a prediction  as  to  how 
they  would  react  to  a number  of  booms  heard  on  a regular  basis  but 
on  the  basis  of  hearing  one  boom  in  a laboratory  setting.  There  are 
a number  of  possibilities  relative  to  explaining  tne  differing  results 
of  Reference  6-5  vs.  Reference  6-6.  The  first  study  (Ref.  6-5) 
used  electronic  means  to  simulate  the  boom  while  the  second  study 
(Ref.  6-6)  used  a shock  tube  which  is  one  difference.  There  are  a 
number  of  other  possibilities  that  might  be  offered  to  explain  the 
more  than  20  dB  difference  in  threshold  of  acceptability,  but  it 
could  also  be  related  to  the  differences  between  instructions  or  the 
subject's  task  as  they  saw  it.  So  that  a comparison  between  the  two 
sets  of  instructions  can  be  made,  those  that  are  pertinent  to  the  ac- 
ceptability judgments  for  Reference  6-6  are  provided. 

INSTRUCTIONS  FOR  LABORATORY  STUDY  (Ref.  6-6) 

"After  recording  your  annoyance  response,  I want 
you  to  place  a check  under  "yes"  or  "no"  in  the  right- 
hand  column  under  "Acceptable"  to  indicate  whether  or 
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not  you  believe  the  boom  you  have  just  hear  would  be 
acceptable  to  you.  By  this  I mean  whether  or  not  you 
feel  that  you  could  learn  to  live  with  it,  if  you  heard 
it  regularly  in  your  home. 

Please  notice  there  are  fifteen  lines.  There  will 
be  a total  of  15  times  in  each  of  two  sessions  when  you 
will  record  your  responses.  Each  time  you  are  asked 
to  respond,  you  will  enter  2 answers:  a number  to  in- 
dicate your  feelings  of  annoyance  in  reLation  to  the 
standard,  and  a check  under  "yes"  or  "no"  to  show 
whether  or  not  you  could  learn  to  live  with  this  annoy- 
ance. Are  there  any  questions?" 


One  of  the  main  differences  between  the  two  sets  of  instructions 
is  that  the  first  set  (Ref.  6-5)  asks  the  subjects  to  make  a prediction 
on  the  basis  of  25  signals  spread  out  over  their  waking  hours  while 
the  second  set  (Ref.  6-6)  instructs  the  subjects  to  estimate  number 
on  the  basis  of,  "if  you  heard  it  regularly  in  your  home".  Regu- 
larly could  mean  to  the  subject  at  the  rate  that  they  heard  them 
during  the  experiment  or  at  about  22  signals  per  hour;  also,  since 
sleep  periods  were  not  excluded,  it  is  possible  that  some  subjects 
thought  that  they  were  making  predictions  for  the  sleeping  hours 
as  well  as  for  their  waking  time.  A second  point  is  that  the  first 
set  of  instructions  only  mentions  "accept  this  sound"  while  the  sec- 
ond set  (Ref.  6-6)  uses  annoyance,  implying  that  the  sounds  should 
be  annoying  and  thusly  unacceptable. 

In  summary,  the  almost  total  uniqueness  of  the  real  life  living 
approach  using  simulated  sonic  booms  leads  to  unusual  difficulties 
when  attempting  to  compare  the  results  to  those  from  previous 
studies.  In  fact,  there  have  been  very  few  stu^i'-i  aimed  at  estab- 
lishing a threshold  of  boom  acceptability  as  a means  of  establishing 
design  and  certification  criteria  for  an  advanced  supersonic  com- 
mercial aircraft. 
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7.  SOME  QUALITATIVE  OBSERVATIONS 


When  completing  a human  response  study  there  are  valuable 
and  interesting  data  over  and  above  that  obtained  by  quantifying  re- 
sults to  the  formal  items  of  the  Daily  and  Weekly  Noise  Schedules. 
Some  of  these  qualitative  data  were  obtained  on  a spontaneous  basis 
during  the  regularly  scheduled  interviews  but  most  of  it  was  obtained 
from  interviews  of  three  husband-and-wife  pairs  during  the  week 
just  following  their  completion  of  participation  in  the  experiment. 
Two  members  of  the  research  group  visited  them  in  the  evening 
and  asked  them  to  talk  about  the  experience.  Their  comments  are 
presented  without  attempting  to  order,  classify,  or  interpret  them. 

• Two  pregnant  women  took  part  in  the  study  and  both  indepen- 
dently reported  that  their  fetuses  first  moved  or  responded  to  the 
booms  but  within  a day  or  two  adapted  and  did  not  respond.  At  least 
three  persons  spontaneously  commented  that  the  booms  seemed 
louder  when  they  were  unoccupied  or  just  listening  as  opposed  to 
when  they  were  actively  engrossed  in  some  activity  such  as  reading 
or  sewing. 

The  next  set  of  comments  are  from  the  meeting  with  the  couple 
designated  as  Family  5.  The  wife  began  by  saying  that  they  didn't 
bother  them  one  iota  and  felt  that  they  were  not  good  subjects  since 
they  (the  booms)  didn't  annoy.  The  first  boom  startled  the  wife  but 
none  did  after  that.  Husband  felt  that  levels  during  a particular 
week  were  not  consistent  (levels  varied).  He  told  a story  of  a law 
officer  stopping  at  the  front  door  to  inquire  about  something  and  one 
of  the  booms  came  on  (high  level  boom).  The  officer  reached  for 
his  gun  thinking  it  was  a shot  having  been  fired.  The  couple  told  of 
having  friends  over  so  they  could  hear  the  sounds.  Their  friends 
reactions  were: 

- Someone  had  fallen  out  of  bed. 

- Something  had  hit  the  roof. 

- All  friends  had  attitude  of  "so  what". 

The  high  level  booms  rattled  bottles  and  jars  in  their  bathroom.  On 
one  occasion  during  the  week  that  they  were  exposed  to  the  low  level 
boom,  the  timer  did  not  turn  the  system  off  at  10:00  PM.  Their 
children  and  their  children's  friends  were  not  awakened  by  the  low 
level  booms.  Husband  mentioned  that  helicopters  coming  over  their 
house  are  more  annoying  than  our  booms.  Husband  thought  that  they 
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would  have  been  more  annoying  if  they  would  have  been  exposed  for 
a longer  duration. 

The  second  family  is  designated  as  Family  4.  The  wife  began 
by  telling  us  how  the  high  level  booms  made  her  mother  who  was 
visiting  jump.  The  husband  reported  that  he  wouldn't  take  part  in 
the  experiment  again.  They  told  of  having  visitors  from  California 
whom  they  asked  what  kinds  of  noises  they  were  experiencing.  Their 
visitors  told  them,  "Why,  those  are  sonic  booms.  We've  heard 
them  from  airplanes  back  home.  " They  both  thought  that  the  exper- 
iment was  tiring  for  the  wife.  They  said  they  were  really  bothered 
by  the  high  level  booms.  Husband  thought  that  a single  boom  would 
be  more  annoying  and  shifting  in  volume  (maybe  fullness?)  would 
also  be  more  annoying.  He  kept  calling  the  signals  sharp  booms. 
Husband  mentioned  that  he  noticed  other  noises  in  the  environment  to 
a greater  extent  since  taking  part  in  the  experiment  and  also  noticed 
increase  in  irritability  due  to  noises  in  general.  He  thought  that  he 
could  live  with  the  low  level  booms  at  one  time  but  since  the  experi- 
ment is  over  he  doesn't  think  so.  Wife  believed  that  she  could  live 
with  quietest  sounds. 

Family  1 was  the  last  couple  interviewed.  The  husband  started 
the  conversation  by  pointing  out  that  the  equipment  ran  well.  They 
said  that  they  were  bothered  more  by  the  sounds  if  their  kids  were 
in  school.  On  weekends  when  their  kids  slept  in,  it  took  the  loudest 
(high  level)  sound  to  wake  kids  up  in  the  morning.  They  told  of  having 
visitors  one  evening  and  forgot  to  warn  them  about  the  sounds  and  one 
came  on.  The  visitor  said,  "What's  that?  What  hit  the  house?" 
Husband  thought  they  would  have  been  less  annoyed  if  regularly  sche- 
duled. During  the  high  level  boom  period,  could  hear  many  feet  away 
from  house  at  their  mailbox.  In  response  to  a question,  the  husband 
said  the  signals  sounded  like  a pile  driver.  He  said  the  noise  didn't 
bother  him  but  the  high  level  ones  did  vibrate  the  house.  Wife  said 
if  talking  on  the  telephone  they  could  make  her  lose  her  train  of 
thought  and  the  high  level  one<=  bother  her  with  everything  she  did. 
They  said  that  they  would  do  it  again  just  so  they  had  only  one  week 
of  the  bad  (meaning  high  level  booms). 


8.  CONCLUSIONS 


There  were  two  objectives  for  this  program.  The  first  involved 
establishing  a threshold  of  acceptability  for  design/certification  of 
advanced  commercial  supersonic  aircraft  while  the  second  objective 
was  to  demonstrate  the  feasibility  of  obtaining  unbiased  results  using 
a community  noise  simulation  system  while  families  are  participating 
in  their  usual  day-to-day  activities. 

• In  respect  to  the  first  objective  of  establishing 
a design/certification  sonic  boom  threshold  of  ac- 
ceptability for  advanced  supersonic  transports,  it 
is  concluded  that  87  dB  using  Stevens'  Mark  VI 
should  be  seriously  considered  as  a design/certi- 
fication criteria  for  indoor  living  with  not  more 
than  fifteen  daily  exposures.  If  a conservative  esti- 
mate for  house  noise  attenuation  of  i 8 dB  is  utilized, 
this  means  that  outdoor  booms  would  have  an  upper 
limit  of  105  dB  (Ref.  8-1  shows  24  dBA  for  house 
attenuation  while  results  from  Ref.  8-2  give 

some  values  above  26  dBA). 

• In  respect  to  the  second  objective  of  demon- 
strating that  a community  noise  system  simulation 
approach  is  feasible  and\ has  high  utility,  it  is  con- 
cluded that  such  an  approach  is  indeed  highly 
valuable  and  useful  as  a;  means  of  establishing 
community  noise  criteria.  It  can  be  used  to  estab- 
lish standards  involving  traffic  noise,  noise  from 
airports,  construction  noise,  and  effects  of  indus- 
trial noise  on  surrounding  communities. 


In  respect  to  the  design/certification  criteria  of  105  dB  using 
Stevens'  Mark  VI  for  outdoor  booms,  the  fact  that  the  result  is 
based  on  the  experience  of  twenty-four  adult  persons  only  suggests 
that  research  with  a larger  number  of  persons  is  highly  desirable. 
However,  these  persons  did  shew  test  results  indicating  that  they 
were  highly  sensitive  to  noise  so  the  results  could  be  conservative. 
Also,  the  house  attenuation  factor  of  1 8 dBA  should  be  investigated 
carefully  since  it  is  based  on  too  little  data  (two  situations  only, 

Ref.  8-1  and  8-2). 
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In  addition  there  is  the  possibility  that  the  simulation  approach 
was  not  representative.  This  possibility  could  be  checked  in  a 
laboratory  study  using  an  electronic  simulation  approach  in  conjunc- 
tion with  a shock  tube.  If  subjects  responded  in  a similar  manner 
to  the  simulated  booms  from  the  two  approaches,  it  could  be  concluded 
that  the  electronic  system  was  satisfactory.  Since  the  system  utilized 
did  provoke  startle  and  house  shaking  results  similar  to  those  from 
actual  sonic  booms,  the  element  of  realism  was  certainly  present 
using  the  electronic  method. 

Other  minor  changes  for  future  studies  are  to  reduce  the  num- 
ber of  interviews  with  each  family  and  to  use  a wave-form  generator 
in  each  simulator  instead  of  a tape  recording.  Our  participants 
grew  tired  of  being  interviewed  on -a  daily  basis  which  could  negatively 
affect  the  results.  If  each  community  noise  simulation  system  con- 
tained its  own  wave-form  generator,  we  v/ould  have  had  greater  con- 
trol over  the  signals  presented  (could  vary  them  to  a greater  extent) 
and  would  have  reduced  tape  wear  problems.  However,  the  six 
systems  were  designed  and  constructed  to  accommodate  two  studies, 
this  sonic  boom  study  and  an  aircraft  flyover  program,  so  the  tape 
approach  was  essential  for  the  flyover  program. 

A final  caution  in  applying  the  results  involves  the  fact  that  our 
families  were  related  to  by  our  staff  in  a very  neutral  manner.  The 
sounds  were  not  called  sonic  booms  and  every  means  were  maintained 
to  not  communicate  our  expectations  (if  any)  to  the  families.  Of 
course,  this  is  not  the  real  life  situation  where  pressure  groups, 
both  for  and  against,  are  influencing  public  opinion.  Consequently, 
the  accuracy  of  the  recommended  acceptability  threshold  would  also 
be  a function  of  the  "climate  of  the  times".  Our  aim  was  to  provide 
an  unbiased  design/certification  threshold. 
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Several  invest i*atom  have  derived  expressions  for  the  pressure  spectrum  of 
the  sonic- boom  N wave.  Where  the  rise  time  is  zero.  Howes  has  shown  that 
the  pressure  spectrum  is  a published  spherical  Beasel  function.  The  present 
analysis  shows  that  the  spectrum  with  a finite  rise  time,  not  exceeding  one- 
tenth  of  the  duration,  can  be  doaely  approximated  by  multiplying  two  sphe* 
rical  Beasel  functions,  or.  equivalently,  by  addin*  their  logarithmic  curve*. 

With  recent  interest  in  the  supersonic  transport  and  the 
associated  sonic -boom  problem,  several  investigators — notably 
Zepler  and  Hartl,1  Young,*4  Howes,4  and  Austin* — have  derived 


Fic.  1.  Symmetrical 
N w*ve  with  a finite  rue 
time. 


expressions  for  the  spectrum  distribution  of  N waves.  Young*  has 
published  curves  for  the  case  of  zero  rise  time  and  has  also  shown* 
that  the  loci  of  maxima  for  an  N wave  with  6nite  rise  time  fait 
along  a negative  12-dB/oct  slope  above  an  inflection  point  deter- 
mined by  the  rise  time.  Howes  has  derived  a simpler  expression 
for  the  zero-rise-time  case  and  has  corrected  an  evident  typo- 
graphical error  in  Young’s  equation.  Zepler  and  Harel  have  con- 
sidered only  the  initial  rise  function,  ignoring  the  remainder  of  the 
N wave.  Austin's  analysis  appears  to  be  incorrect,  since  it  leads  to 
a vanishing  function  in  the  limiting  case  as  the  rise  time  goes  to 
zero. 


We  have  followed  a similar  approach  to  that  of  Howes,  using  the 
nomenclature  given  in  Fig.  1.  The  pressure  function  is  given  by 

—At/Ti,  |f|<ri( 

i>(0»-A(r,-/)/(r,-r,),  r,<|<|<rlf  (i) 

0,  OTHERWISE. 

Since  the  expression  is  symmetrical  and  an  odd  function,  the 
Fourier  transform  can  be  written 

P(ju)  * j P (f)  [cos  (wl) — i sin  («!)]<£  ” — itj  P (0  sin  (w!)di 

■HI."  (£)*><-»-/,?  <*>  ■ 

where  x**uT,-2r  JT ». 

Since  in  most  cases  of  interest  the  rise  time  is  a small  froeiion  of 
the  total  duration,  this  can  be  approximated  by 

P («)~jA  Z>{sin  (x  /£>)/(«•  JVY 

— [cos  (r/D)/ (r/D)j[sia(r/R)/ (r/A')  j},  (3) 

where  D—  T \-\-T  ■ps.'lT , and  R = Ti  — T .. 

For  the  case  of  zero  rise  time,  sia(rJR')/ (r/R)  goes  to  unity, 
and  the  expression  reduces  to  that  of  Howes: 

P(.u)  = iADji  [r/D),  (4) 
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where  j\  (t)  is  the  spherical  Bessel  function  of  first  kind  and  order. 
Further  inspection  shows  that  tin  (r  JR)/  (r/R),  which  is  identical 
with  j»(r  fR),  does  not  depart  significantly  from  unity  (assuming 
that  R<0.1L>),  except  at  frequencies  high  enough  that  the  first 
term  in  Eq.  3 becomes  negligible— Le.,  when  js (rfD)^xj-i(r JD) 
—cot (rJD)/{rfD).  That  this  is  true  at  the  frequencies  of  practical 
concern  is  apparent  in  comparing  the  published  curves'  for 
ji  (»)  and  j_i(»),  which  are  almost  identical  above  the  third  or 
fourth  maximum. 

Accordingly,  we  can  replace  Eq.  3 by 

PM~iADMrJD)-MT/R)  (5) 

lor  cases  of  practical  interest.  In  Fig.  2,  based  on  Young's  plot  of 
the  energy  spectral  density  for  zero  rise  time,  we  have  added  a 
logarithmic  curve,  201ogis|jr«(r/R)|,  for  rise  times  of  5,  10,  and 
20  msec.  To  minimize  complexity,  we  have  omitted  peaks  beyond 
the  second  maximum.  Since  both  curves  are  logarithmic,  they  may 
be  added  to  give  the  function  W («)  - 20  log10 1 iDji  (*- J D) 
•jtlrjR)  |.  The  representative  solution  lor  10  msec  is  shown. 
D is  taken  as  350  msec.  In  the  range  above  50  Hz,  the  maxima  of 
the  ji  function  come  so  closely  together  as  to  approximate  a con- 
tinuous spectrum,  but  the  cyclic  character  of  the  j,  component 
then  becomes  significant. 

This  is  in  agreement  with  Young’s  analysis  (Ref.  3)  as  regards 
the  — 12-dB/oct  slope  of  the  higher  peaks,  but  the  implication  is 
quite  different  as  far  as  subjective  loudness  is  concerned . The  peaks 
of  j»(rJR)  are  widely  spaced  in  the  audible  region,  so  the  total 
energy  contributing  to  loudness  is  very  much  less  than  that  of  a 
continuous  spectrum  with  slopes  at  —6  and  —12  dB/oct.  With 
the  —12-dB/oct  slope,  the  higher  maxima  are  very  rapidly  re- 
duced to  levels  that  contribute  very  little  loudness — as  a result  ol 
the  limited  range  of  sensitivity  of  the  ear  to  low-frequency  sounds 


— and  we  can  virtually  consider  the  finite  rise  time  as  equivalent 
to  a fairly  good  low-pass  filter  with  a cutoff  at  a frequency  repre- 
sented by  l/R,  with  a very  minor  contribution  from  the  higher 
lobes. 

Zepler  and  Harel’s  analysis  could  be  given  ho  the  form 

P (“)  “ L/’s  {r/R)y  (2r/)  (6) 

for  the  initial  rise  only.  This  can  be  derived  from  our  Eq.  5 by 
letting  the  duration  D approach  infinity.  Thus,  the  agreement  .hat 
they  obtained  with  experimental  data  is  appropriate  to  our  ex- 
pression also,  since  they  are  equivalent  above  the  minimum  range 
of  audibility. 

The  expression  without  approximations,  Eq.  2 above,  has  been 
evaluated  on  a large  digital  computer  and  is  essentially  the  same 
as  the  plot  given  in  Fig.  2. 

In  view  of  the  great  difference  in  loudness  that  grows  out  of 
variation  in  rise  time  and  the  wide  range  of  rise  time  reported  in 
actual  sonic-boom  tests,  it  would  seem  profitable  to  study  in  more 
detail  the  causes  of  these  variations.  Since  higher  altitudes  often 
lead  to  longer  rise  time,  there  is  some  question  of  the  validity  of  the 
publicized  sonic-boom  tests  where  the  predicted  overpressure  of 
supersonic  transports  has  been  simulated  by  smaller  aircraft  at 
lower  altitudes.  It  should  be  recognized  that  peak  overpressure 
alone  is  not  an  adequate  criterion  lor  defining  the  annoyance 
arising  from  sonic  booms. 
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APPENDIX  2 


DISCRIMINATIONS  AMONG  SIMULATED  SONIC  BOOMS 


i 

Presented  at  Acoustical  Society  of  America 
Meeting,  Ncrember  14-17,  1967,  Miami  Beach 
Florida. 


This  la  a report  on  the  first  study  of  a series  where  the  ale  of  tbs 
series  of  studies  is  to  develop  a broad  understanding  of  aan*s  response 
to  impulsive  noise,  but  with  emphasis  on  man  and  sonic  booms.  One  of 
the  major  difficulties  in  carrying  out  experiments  in  this  ares 
involves  realistic  acoustic  simulation  of  both  outdoor  and  indoor 
booms  plus  simulation  which  produces  the  whole  body  sensation  of  being 
"hit"  by  the  boom.  We  are  looking  at  approaches  which  may  lead  to 
more  realistic  or  total  simulations  but  for  the  present  are  limiting 
the  experiments  to  acoustic  simulations  of  outdoor  booms . 

METHOD 

A waveform  generator  was  constructed  which  provided  for  the  introduction 
of  sounds  represented  by  four  different  waveforms  into  a box  21  inches 
square,  25  Inches  in  height,  and  with  an  18  inch  speaker  mounted  in 
the  top  of  the  box.  The  four  waveforms  were  an  N-wave,  a differentiated 
l-wave,  one-t.elf  square-wave,  and  a differentiated  one-half  square- 
wave.  Examples  of  these  four  wave  forma  are  given  in  Figure  1.  The 
aim  was  to  approach  zero  aa  a limit  for  the  rise  time.  However, 
rise  times  of  3 msecs  were  the  smallest  we  could  achieve  so  all  the 
sounds  were  presented  at  thie  minimum  achievable  rise  time.  Rie 
period  for  all  of  the  waveform  presentations  was  held  constant  at 
300  msec.  Two  amplitudes  were  used;  one  group  of  seven  subjects  wars 
exposed  to  all  of  the  waveforms  et  .9^  psf  while  a second  group  coat- 
posed  of  nine  persons  made  Judgement  of  the  waveforms  at  1.0T  psf. 
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EXAMPLES  07  WAVE  FORMB  UVESHOATED 


TIME  (50  m See/atr) 
H Wave  With  Subject 


► 


dH  Ware  With  Subject 


(«) 


(*> 


TIME  (50  m Sec/div) 
S Wove  With  Subject 


► 


dS  Wave  With  Subject 


(c) 


«> 


FIOUM  1 


Sloe*  the  elm  of  the  study  ves  to  determine  if  the  auditory  effect 
of  the  four  different  ve reforms  vaa  similar,  each  varefore  vea 
paired  with  ell  other  varefore*  (leading  to  six  comparisons) . Tbs 
peirlnga  vare  made  by  making  a single  presentation  of  one  varefore 
with  three  presentations  of  the  varefore  to  vhlch  it  vaa  being  compared. 
In  turn,  the  varefore  that  ves  ussd  ss  a coeperlaon  was  presented 
singly  vlth  three  sounds  represented  by  the  other  member  of  the  pairing. 
FO**  example,  an  1-vare  ves  presented  vlth  three  differentiated  I-Wares. 
and  a single  or  "only”  differentiated  H-vare  vaa  presented  vlth 
three  H-veres.  Thualy,  each  subject  heard  sounds  In  groups  of  four 
and  made  Judgementa  for  tvelre  groups  of  sounds.  (Bach  group  vaa 
presented  vlth  5 seconds  betveen  each  sound.)  Orders  of  prasentatlon 
for  the  tvelre  groups  of  stimuli  vere  randomly  assigned  as  vaa  the 


position  in  vhlch  the  single  stimulus  vaa  presented;  l.e.,  first, 
second,  third,  or  fourth  position.  With  hia  head  aealed  in  the  box, 
the  subject's  task  vaa  to  listen  to  the  tvelre  groups  of  four  sounds 
and  identify  the  one  sound  in  each  group  of  four  vhlch  vaa  dlfferant 
from  the  other  three  sounds. 

RESULTS 

81  nee  there  vaa  no  significant  difference  (P>  .0*)  betveen  the  tvo 
groups  of  subjects  (group  Judging  Impulse  sounds  et  .9^  paf  ra.  group 
Judging  sounds  at  1.87  paf)  in  terms  of  correctly  identifying  the 
single  stimulus  of  a group  of  four,  results  for  both  groups  ere 
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presented  together.  Figure  2 gives  the  percentage  of  times 
the  "only"  veveform  vs  a correctly  Identified  for  each  of  the 
pairings.  On  a chance  besis,  it  la  expected  that  the  alngle 
would  he  correctly  Identified  twenty- five  per  cent  of  the 
horizontal  line  of  Figure  2 labeled  Correct  Expected  on  a Chance 
Basis”  shows  the  point  for  correctly  identifying  the  single  stimulus 
twenty- fire  percent  of  the  time.  The  horizontal  line  labeled 
mf  Required  to  Reach  .01  Level  of  Confidence"  is  baaed  on  an  expansion 
of  the  binomial  distribution  function  ((p+q)®  where  p - 1/4,  q ■ 3/4, 

X - 32).  Any  value  above  this  point  would  occur  on  a chance  basis 
less  than  1)1  of  the  time  so  the  conclusion  is  accepted  that  correct 
Identification  of  the  alngle  stimulus  more  than  approximately  4l%  of 
the  time  means  that  subjects  can,  on  the  average,  distinguish  between 
the  two  sounds  of  a pairing.  Examination  of  Figure  2 leads  to  the  con- 
clusion that  subjects  cannot  discriminate  between  H-waves  and  differ- 
entiated X-vaves  or  between  one-half  square-waves  and  differentiated  one- 
half  square-wavea . However,  for  the  remaining  four  pairings,;  where 
comparisons  are  made  between  the  various  X-vaves  end  one-half  square 
waves,  the  subjects  could,  on  the  average,  discriminate  between 
sounds  represented  by  the  waveforms. 

CONCLUSIONS  AXD  DISCUSSION 

the  finding  that  subjects  could  cot  discriminate  between  an  I-w»ve 
and  e differentiated  X-wave  he*  been  soat  valuable  in  creating  stimuli 
for  sore  detailed  studies  of  the  effects  of  the  physical  p*raa«t*s*« 
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Vrre  Fora  Correctly  Choeen 


PERC9T  TDS8  "OILY"  STIMULUS  CORRECTLY 

iDERnnrn  vhex  phesehted  with  three 

OTHER  STIMULI  OF  PAIR 


K-Vavs 

S-Wave 

5-Vave 

N-Wave 

S-Vave 

dH-Vave 

ve . 

VI . 

vs . 

V8  . 

va . 

dJf-Vave 

dS-Wave 

S-Wave 

dS-Wave 

dlf -Wave 

dS-Wave 

I 
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! FIGURE  2 


$ Required  To 
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$ Required  To 
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of  impulse  noise  on  man's  ecouatic  response.  Because  of  applied 
implications  there  is  particular  interest  in  varying  rise  time.  Since 
rise  time  la,  for  the  most  part,  determined  by  the  high  frequency 
components,  ve  have  been  attempting  to  control  rise  time  by  filtering 
out  or  adding  these  components.  With  the  H-vave,  ve  have  experienced 
little  success  in  controlling  rise  time  by  using  a filter  in  that  ve 
obtain  unequal  rise  times  for  the  tvo  pulses.  Since  the  use  of  one 
filter  does  not  give  equal  rise  times  for  the  tvo  pulses,  tvo  filters 
vlth  different  characteristics  are  required  for  each  pulse.  Since  this 
approach  la  quite  complicated  electrically,  It  la  to  be  avoided.  Another 
telling  reason  for  attempting  to  find  a vaveforo  vhicl  produces  the 
same  acoustical  effect  as  the  H-vave  is  the  difficulty  in  reproducing 
the  alov  decay  rate  of  the  H-vave.  Air  leakage  causes  a loss  of  lov 
frequency  components  and  a consequent  increase  in  the  decay  rate 
(the  vave  becomes  differentiated).  This  problem  becomes  more  pro- 
nounced as  the  size  of  the  chamber  increases.  Hovever,  vith  the 
differentiated  H-vave,  it  is  relatively  easy  to  control  rise  time  vith 
one  filter  end  keep  the  amplitudes  and  rise  times  of  the  tvo  pulses 
equal,  end  since  differentiated  H-veves  here  the  seme  acoustical  effect 
as  H-veves,  reproduction  of  the  slov  decay  rate  of  the  H-vave  is  not 
required.  Consequently,  differentieted  H-vuve  forms  are  being  used  for 
present  studies  vith  the  assumption  that  the  effect  is  similar  to  that 
achieved  by  sounds  represented  by  H-vaves. 
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Also,  ■ up port  for  proceeding  on  thl*  bseie  ie  found  in  the  reeulte 
of  some  experiment*  completed  by  Zepler  and  Herel  (U).  Using 
Specially  constructed  earphones  end  with  their  subjects  adjusting 
* 4 00  c/i  tone  to  utoh  the  loudneu  of  H-vevei,  their  experiment* 
shoved  that  the  loudness  of  the  H-wave  is  determined  by  the  two 
rising  parts.  Further  support  is  found  in  our  date  in  that  subjects 
Could  not  discriminate  between  one-half  squsre-waveB  and  different- 
iated one-half  square-waves  while  discriminations  were  made  in  all 
four  pairings  when  pulses  between  members  of  a pair  pitted  compress- 
ion against  rarefaction. 

An  explanation  of  this  discrimination  (compression  vs.  rarefaction) 
involving  the  auditory  mechanism  is  suggeoted  by  findings  reported 
by  Deetherage  and  Henderson  (2)  in  conjunction  with  some  earlier 
work  by  Peake  and  Kiang  (3).  Destberage  and  Henderson  found  that 
the  auditory  threshold  is  lower  when  a signal  is  added  during 
the  condensation  phase  of  the  stimulus  (when  the  basilar  membrane 
is  moving  downward)  than  when  added  in  the  rarefaction  phase 
(basilar  membrane  moving  upward).  Since  eighth  nerve  single  fiber 
responses  occur  only  during  the  rarefaction  half-wsve  of  a stimulus 
(l)  and  the  eighth  nerve  action  potential  is  greater  for  a con- 
densation click  than  for  a rarefaction  click  (3),  Deetherage  and 
Henderson  conclude  that  movement  resulting  from  compression  induces 
a state  of  hypersensitivity — "priming"  the  neural  elements  to  be 
fired  on  the  following  rarefaction.  Hence,  we  can  hypothesize 
that  discriminations  between  the  H-wave  end  one-half  square-wave 
were  made  oc  the  basis  of  the  second  pulse  of  the  H-wave 
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(compression  ha If- ware  first)  beinf  experienced  as  louder  than  the 
second  pula*  of  the  aqaara-vara  (rarefaction  half -vara  first).  Con* 
anquantly,  result  a aiadlar  to  oun  should  ba  aohleved  If  diaorimine- 
tiona  were  to  be  made  on  the  baala  of  loudness  instead  of  "which 
of  the  waveforms  are  different?" 
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